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The reflex grasping produced m the infant by intro¬ 
ducing the finger into its paim is a phenomenon too 
well known to deserve description It disappears as 
the child develops, probably at about the age of 1 year, 
although the exact time is vanable This phenomenon 
may appear in later life as a manifestation of disease of 
the brain either focal or general In certain cases it is 
of definite localizing value, pointing accurately to the 
contralateral frontal lobe 

Only NYithin the past year has the symptom evoked 
much attention or discussion, although its nature seems 
to have been recognized by Janischewskyas much as 
twenty years ago His extensive contribution last 
year, appeanng almost simultaneouslv with those of 
Schuster,- and of Adie and Cntchley,* has sensed to 
focus the attention of neurologists on what appears to 
be a valuable sign in cerebral localization There is 
abundant evidence, however, that the phenomenon has 
been repeatedly encountered m the past, and even 
described under a variety of names Liepmann,'* m 
his work on apraxia, frequently encountered “tonic 
perseveration and clonic perseveration” terms that Wil¬ 
son and Walshe “ criticized, substituting therefor “tonic 
innerNuition” and “clonic innervation ” Adie and 
Critchley find “forced grasping and groping" most 
expressive It seems most clearly related to the pre¬ 
hensile reflex in the infant, in whom both tome and 
clonic forms may be elicited, and m whom the same 
difficulties in the voluntan' relaxation of the grasp 
may be observed even during the second year 

The elemental part of the symptom or sig^ is elicited 
b} stroking the thenar eminence or by inserting the 
fingers into the palm of the patient and rubbing them 
back and forth, at the same tune pulhng outward on 
the flexed fingers We believe that tins simple test 
should be performed as a routine in the neurologic 
examination When the sign is positive there is a 
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tendency to coordinated grasping by the thumb and 
fingers 

The grasp is tonic, showing little vanation in powder 
over a period of several seconds The force is usually 
increased when the patient attempts to let go or when 
the object is forcibly withdrawn from the hand Some¬ 
times the grasp is so strong that the patient’s head 
and shoulders may be raised from the bed bj' traction 
on the seized object At times the contraction becomes 
clonic, particularly if the grasp is avoided and the object 
pressed against the flexed finger tips When the reflex 
IS well marked, the patient himself may state that wflien 
he grasps an object be is unable to let go in spite of 
strenuous efforts to open the hand 

In advanced cases not only is there reflex grasping 
of every object that comes in contact with the palm 
but in addition there may be involuntary groping, so 
that a touch on the back of the hand or on the arm 
or even on the face may cause the hand to follow 
immediately the exciting stimulus and to take hold 
Nurses are hampered in canng for such patients (eg, 
case 3) on account of the tenacity of the grip on the 
bedclothes or on the chemise Such patients may even 
have considerable difficulty m feeding themselves or in 
being fed because of the tendency on the part of the 
affected hand to grasp the food or the utensil or the 
hand of the nurse and pull it away from the mouth 
Not infrequentlj^ apparently without any stimulus, 
these patients will raise their arms and wave their 
hands about in the air, opening and closing the fingers, 
and groping, then possibly bringing their hands to the 
face before subsiding 

Phenomena similar to reflex grasping have been 
recognized in the lower extremities and even in the 
jaw A light tap at the base of the infant’s toes will 
cause them to fold o\er the object as the fingers do, 
although the reaction is only momentar}- This phe¬ 
nomenon w'as elicited in cases 3, 4 and 5 Wilson and 
Walshe noted "tome innervation” in the extended leg 
when the patient w'as told to flex it, and vice versa 
Janischewsty publishes a striking picture of a patient 
wath a tow'd grasped between the teeth, he terms this 
the “bulldog reflex ” He noted that pressure on the 
teeth was necessarj We haie obseri'ed tonic closure 
of the jaws w'hen an attempt is made to force open 
the mouth 

For pathologic grasping and groping to be mani¬ 
fested, It seems necessary that the corticospinal tract 
for the hand shall be relatively intact In two patients 
of Wilson and Walshe the sianptoms disappeared when 
ordinaiy hemiplegia followed the removal of meningeal 
tumors Other instances of disappearance of the s\anp- 
tom wath extension of the disease and the production 
of total hemiplegia hare been ohsened Quite often 
however, parahsis of the lower extremity is found 
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of digipuratum received in July, 1913, were 
.1 this laboratory m July. 1920, and found 
lan half as active as a corresponding amount 
speamen, then called digitan We examined 
peamen in ampules of unknown age but 
more tlian 10 }ears old, and found it about 
as actne as a corresponding amount of the 
.cimen of digitaii, but we had enough for only 

;amen of tincture of digitalis in ampules from 
.he air had been removed before sealing, and 
mg 44 per cent of alcohol, was examined m this 
;ory in March, 1918 After an interval of about 
ars, It had apparentl} decomposed to the extent 
out ’45 per cent, but the material available was 
lent for a test on onl> one animal 
specimen of fluidextract of digitalis obtained from 
Squibb Sons m 1913, at which time it was 
east 30 >ears old, was examined by Hatcher and 
deston and later it was used clmicall) It was then 
5 " active than the average fresh fluidextract of good 
ahty It was examined by one of us m 1919. ut 
hich time the activity was the same as that found by 
fatcher and Eggleston in 1913 Our examination does 
lot indicate that it has undergone any detenorahon 
Jurine the interval of sixteen jears following its hrst 
examfnation, but there is a possibility that some evap¬ 
oration occurred, as the bottle contained only about 2 cc 
An actne specimen of fluidextract of digitalis 
obtained from the H K Mulford Company and exam¬ 
ined by one of us in 1913 was kept m a cork-stoppered 
bottle, and m 1919 its acUvity was 83 per cent of the 
onginal Later it was transferred to a glass-stoppered 
bottle and the result of our examination indicates that 
It lost about 32 per cent of its original acUvity m 

^ramen of tmcttire of digitalis prepared by one 
of us m 1920, which detenorated rapidly dunng the 
X first SIX months, was examined again 

of nine tears It had changed ver> little after the 
second examination and it is now only a little acu e 
than It was six months after it was prepared It has 
been kept throughout the period in a cork-stoppered 

and onW parti} filled flint bottle iqi-j 

A specimen of tincuire made b} one of us in 1913 
lost about 27 per cent of its activity m sixteen years, 
another made in 1913 from the leaf then 25 ' ears old 
wnth 50 per cent alcohol lost about 38 per cent of its 
acivatv in sixteen vears and a ver} acUve tincm e 
prepared in this laborator} in 1912 lost about one half 
If its activit} III sixteen and one-half tears 

A tincture prepared bv one of us m lanuarv, 1918, 
and tested at that time showed onlv slight detenoratioi 
after fifteen months but after eleven tears and two 
months it had lost 35 per cent of its acuvitt 

An nctite speamen of tincture prepared b)' 01 
ns m Aumist 1922 was onlt about 14 per cent less 
nctive when examined after an interval of uearlt seven 
vears A similar change occurred m another tincture 

m four V ears and set en months 

Fnnr sutcimcns ot digitol were tested The first 

, tol aqueous has been discussed One specimen had 
digitol aqueou , jtje for ten and one- 

^"^V^rotlTef wa St for an unknown penod 
halt ;^cuk ” so called because the air 

of time in ^ pump before the container 

had been removed i ,~c?pd bt the manufacturers, 

Feb S, 1929 , was lesic uniform activit) and 

iSd dceno^icd, .1... kcp. m 


an ordmar} bottle lost «... 

in ten and one-half }ears, that m luv. 

70 per cent alcohol lost 42 per cent of its activity 
shows that such elaborate precautions for the removal 
of air are unnecessary' A corked 1-ounce bottle filled 
m the ordinary way contains about 1 mg of atmos- 
phenc oxygen, and tliere is no reason to suppose that 
it has any perceptible influence on the decomposition 
of the active constituents of digitalis 

W A Puckner has long insisted that the labels of 
proprietary preparations which are subject to deterio¬ 
ration should bear the date of preparation or that after 
which the activity cannot be guaranteed Our results 
strongly support that contention and tve believe that 
manufacturers should date all such preparations 
A tincture of digitalis containing 65 per cent of 
alcohol was received in January, 1923, at which time 
It was said to be 50 per cent more active than the official 
tincture When examined after six years, it was about 
one-third less active than the average official tincture 
Hence it had apparently undergone decomposition to 
the extent of about 50 per cent Two speamens of 
tincture of digitalis prepared by E R Squibb S. Sons, 
Apnl 6, 1911, were received in this laboratory in 1913, 
and exmnined by us after an interval of eighteen years 
following their preparation The first of these was 
about one-fourth weaker than an average fresh tincture 
of good quality The other had been made from the 
same speamen of digitalis but which had been treated 
with magnesium carbonate to remove calcium salts and 
to neutralize acidity Its activity was equal to about 
60 per cent of that of the first and it was only about 
half as active as an average fresh tincture of good 
quahtv A tincture prepared m 1913, and containing 
44 per cent of alcohol, was a little less than half as 
active as an average fresh tincture 

Two specimens of purified tincture prepred by one 
of us with 60 per cent alcohol in 1921, and one 
and standardized at those times, retained their achvity 
unimpaired dunng seven yprs, a^ an 
fraction of digitalis pnnaples in 60 per alcohol 
also retained its activity unchanged dunng eight years 
The pun fled tincture consists of the so-called gitalin 
fraction of digitalis obtained bv shaking an '»i«sion 
with chloroform, distilling the chloroform, and d s- 
sohnng the residue m 60 per cent alcohol A slightly 
different preparation of this type kept in 60 per «nt 
alcohol lost about half its activitv m seven vears One 
weakly alcoholic solution became inert, another lost 
aboiit^half of Its activ ity Our expenments vvith pm- 
fied tinctures are not sufficiently numerous to permit 
of the S^eral statement that all such tinctures are 
equally Itable. but they point to 

strong alcohol as a factor in the stability '>f re 

of digitalis Other expenments, however, prove that 
sionf alcohol is not the only factor, since the rite of 
decomposition in some stronglv alcoholic tinctures v 
equal m that in others of low ^ent m winch 

other factors were more favorable for stain it) Jne 
stabihtv of these punfied Uncturcs is of theoretical, 
rather\han of practical, importance to the clinician 
because dried digitalis leaf is permanent and becamr 
Romani tincture and the official infusion arc suff, 
cicntlv stable for all ordinary purposes 

The results of our expenments and of those 
others ated show that properh dncd digitalis leaf m 
be kept almost indefinitely wathout detenoration 
special process of dryang or extraordinary skill .s .nx 

^rv It may be kept m the form of the whole 1- 
111 powder or in tablets 
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associated with reflex grasping in the upper extremity 
on the same side 

The relation of reflex grasping to apraxia was 
formerly considered close, but Wilson and Walshe in 
1914 pointed out that they are not the same, although 
they may be, and frequently are, associated The 
relationship to myotonia, on the other hand, is quite 
distant, the two syndromes having in common only the 
tonic mnervation 

LOCALIZATION 

Reflex grasping may occur in such transient states 
as the epileptic aftermath, cerebral concussion or minor 
cerebral infarction It may also occur in terminal 
conditions of unconsciousness associated with muscular 
rigidity We have observed it in cases of cerebral 
hemorrhage, uremic coma and tuberculous meningitis, 
and we are inclined to beheve that m most, if not all, 
instances of carphology, tonic and clonic grasping will 
be found if the adequate stimulus is applied In such 
cases of unconsciousness, either transient or heralding 
the terminal event, reflex grasping appears to be a mani¬ 
festation of partial “decerebration”, it is bilateral and 
It does not have any espe- 
aal localizing value, mere¬ 
ly indicating a disturbed 
functional condition of 
the brain To be of 
value, consciousness must 
be preserved, or at least 
in the unconscious patient 
the sign must be unilat¬ 
eral 

It has been abundantly 
demonstrated that reflex 
grasping may result from 
focal lesions, and herein 
lies Its localizing value 
Of the fifteen cases fol¬ 
lowed to necropsy by 
Schuster, tu elve showed 
important lesions in the 
frontal lobe, while in 
the other three the le¬ 
sions were more centrally 
located In tno cases re¬ 
ported by W ilson and Walshe the meningeal tumors lay 
f-iirly close to the midline slightly anterior to the rolandic 
fissure Janischewsky has frequently found this area 
invohed, but he believes that any interruption of the 
frontopontile projection tract that does not also involve 
the corticospinal tract for the hand may cause the 
appearance of reflex grasping 

The same author has found this sign frequently in 
the various dj stomas, especially in encephalitic parkin¬ 
sonism We ha\e observ'ed the tightening of the grasp 
on attempting to straighten the fingers in advanced cases 
of parkinsonism and other dystonias, but ve are dis¬ 
posed to attribute it rather to the general muscular 
Inpertonus, since the contraction is momentarj and 
since the grasp can be relaxed b\ the voluntary' action 
of the patient, e\en though fnction of the palm is 
continued 

IMost of our cases of bilateral reflex grasping ha\e 
ocairred in senile persons vith cerebral artenosclerosis, 
cases 3 4 and 5 being follow ed to necropsi We ha\ c 
obsen ed the sign how c\ er m hemorrhagic pachjmen- 


ingitis 111 Little’s disease and in a bilateral tiiberculonia 
(case —) Llke^\ ise in cases of unilateral graspiivT wq 
attribute the sign m the niajont} of instances to cerebral 
infarction, usuallj^ in the anterior limb of the internal 
capsule, but w e have also found it m infantile hemiplegia 
and in one case ot glioma of the frontal lobe (case 1) 
In cases 3, 4 and 5 the thrombotic lesions w ere small but 
assoaated with them was rather profound atropln of 
the whole frontal lobe on each side, the subcortical 
white matter having a porous gelatinous aspect that w as 
rather wadespread and probably depended on sea ere 
reduction m the number of nerve fibers and mj'ehn 
sheaths Even the pons was affected by this reduction 
in the number of afferent elements, presenting a pcai- 
har shriveled appearance 

Of all the cases reported here, that of glioma of 
the frontal lobe (case 1) was the most significant, since 
the appearance of reflex grasping allow-ed us to make 
a preoperative diagnosis of tumor of the right frontal 
lobe 

REPORT or CASES 

Case 1 Ghovta of the ri(/ht frotttal lobe Rijlcx grasptitff 
tviHi Ufl hand Evploratory operation followed by death 
Necropsy 

B , a man, aged 39, a pn- 
late in the Marine Corps, was 
admitted to the U S Na\al 
Hospital, Feb 6, 192S, because 
of headache loniiting and con- 
Milsions The illness began on 
January 12 with a nocturnal 
conmlsion noted b> his wife 
Breathing was stertorous and 
the left arm was extended 
straight from the shoulder for 
about ten minutes, later be¬ 
coming affected with a coarse 
tremor lasting h\entj minutes 
The patient did not ha\e an> 
knowledge of the comailsion 
after regaining consciousness 
but manifested weakness m the 
left leg and in both arms the 
following morning Headache 
began immediatclj following 
this episode and progressed 
rapidly to great scicritj 
January 24, he droie his car 
o\er an embankment, possibly 
during a petit mal attack, 
although he said that he did not lose consciousness at anj tune 
The headache increased, somnolence de\elopcd, and projectile 
\omiting occurred 

Examination on admission to the hospital disclosed marked 
clouding of consciousness, and lethargy The patient was 
oriented, did not express anj hallucinations or delusions, and 
showed good intelligence In standing with his e^e5 closed he 
fell backward and to the left Power was shghtlj less in the 
left hand The cranial nenes were normal and the pupils 
equal, reacting rather sluggishly to light tlic eyegrounds did 
not present choked disk or retinitis The tendon reflexes yycrc 
normal, the cremasteric reflexes yveak, and the abdominal 
reflexes absent on both sides There yvere no sensory distur¬ 
bances The spinal fluid Kahn reaction yyas negatue, the cell 
count 6 per cubic millimeter there yyas a slight trace of 
globulin, and the colloidal gold cune yyas negatne The 
roentgenogram of the skull yyas negatiye. 

Dunng the week followang admission the left arm and leg 
became useless and characteristic reflex grasping dey eloped m 
the left hand Wheneyer an object yyas brought into the palm 
It was tightly grasped and the patient was unable to let go of 
It eyen though he attempt'-d to do so Obsen ation of the 
extensor tendons left no doubt of the yoluntan efforts of the 
patient to release the object yet it yyas many seconds before 



Fig 1 (cast 1) —Glioma of right frontal lobe. In this cast there was 
irccd trraspmc on the left side. 
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to the disease when no organic basis can be found for it,' while 
“symptomatic narcolepsy” is the term applied to the disease 
when It rests on some organic disturbance in the brain (arterio 
sclerosis, diabetes, cerebral tumor or encephalitis) Many of 
the cases of so called symptomatic narcolepsy described do not 
show both sleeping and loss of tone attacks, therefore, many of 
them should not be included under this term 

REPORT OF CASE 

The following is a case of true symptomatic narcolepsy fol¬ 
lowing an attack of acute epidemic encephalitis 

Miss A F, a school teacher, aged 36, with negative family 
and past histones, was first seen by me in consultation yviA 
Dr J H Wallis of Rice Lake, Wis, m August, 1928 In 
1920 she had an attack of "influenza” lasting for about five 
weeks, during which time she had headache and some fever, 
and vns unusually drowsy dunng the day but could not sleep 
at night She recovered from the acute attack—which m all 
probability was acute epidemic encephalitis—but since then has 
been troubled with diurnal attacks of involuntary sleep and 
penodic loss of muscular tone resulting from emotional stimulus 
Part of her wntten account of the illness reads as follows 
‘No excitement or commotion has the power to orercome ftat 
sleep I often sleep as often as fi\e or six times a day this 
IS not a natural sleep but a dead sleep which comes without 
warning Many times I realize that people are speaking to me 
and I understand what the> are saying but am powerless to 
answer At times I can be awakened instantly by the sound ot 
the loice, but when I am awakened memory fails me, and 1 am 
humiliated by being forced to admit my inability to rememter 
what the conversation has been The longest sleeps gweral y 
come at about 10, 2 and 6 o’clock, sometimes lasting as long as 

^'•T^lmow that if I wish to go to an entertainment of any lond 
I canTOt trust myself to laugh If I must laugh or be where 
there is much excitement I must place my hands on some object 
thL will hold my weight. My strength leaves me until I 
SvenTL strength of a tiny babe At first my knees double 
uo and I fall From there the weakness spreads to my neck and 
my head falls forward or sideways I hate no control of any of 
mv muscles the weakness passing through my shoulders and 
arms until it spreads over my whole body If I have anything 
in my hands I drop it. This loss of strength and control passes 
through my whole system like a tornado playing havoc wher- 
eier it goes-all due to a smile or a htUe excitement The 
strength soon returns and I have control of the muscles again 
In addition to these symptoms the patient 
cular stiffness tremor of the hands almost constant headache, 
extreme irritability restlessness and insomnia. 

Teurologic e.xam.nation reiealed a moderate hwertonus of 
all the muscles, the right pupil slightly larger than the lef . 
sIieM weakness of the right facial nerve, a fine tremor of 
bofh extended hands some djsmetr.a of the right arm, and 
exaggeration of all deep tendon reflexes Blo^ 
naly^s and blood studies gate normal observations The blood 

Wassermann reaction was negative , . , . 

T first saw her the patient has had about every 
conceivable form of treatment without avail Diet intcma 
Xluhr therapy, sodium salicylate, belladonna stramonium 
Snflawnc and various sedatives all have faded to 
Tt is a remarkable testimonial to the patient s grit and pc 
leJrance that m spite of her handicap -.he has continued to 
teach school \\^thout loss o£ time 

COMMEST 

Th,s ca^e IS undoubtedly one of symptomatic narcolepsy fol- 

This ca-e cncenhahtis That lesions m the midbram can 
lowing epidem Hess” who injected ergotamine 

^Xr^d v^ricle of animals and produced jvenodic sleep 
TlV sleep resulting from a emeum- 

Mso F'ttc central gray substance in the third ven- 

cenbed \(iler” dcscrffies a case of sleep disturbance 

' ab scess the sue of a rea m the region of 

• demonstrated before mcetmg of Ctn 
- 1927 

* •■'♦nsebe Abhandluncei* 


the third ventricle Straussler” has observed similar phe¬ 
nomena m lesions of the infundibulum In the light of these 
reports, and since the pathologic changes in clironic encephalitis 
involve principally the midbram, the pathologic connection 
between symptomatic narcolepsy and chronic encephalitis is 
established 

CONCLUSIONS 

1 Narcolepsy as first described by Gehneau and Redhch has 
two symptoms (a) penodic attacks of involuntary sleep, and 
(b) attacks of temporary and complete loss of tone in tlie 
skeletal musculature following an emotional stimulus 

2 In "essential’ narcolepsy, no organic basis for tlie syn 
drome can be found "Symptomatic” narcolepsy is the result 
of some organic lesion in the brain 

3 Reports of sleep disturbances following lesions m the third 
ventncle and the fact that in chronic encephalitis the patho¬ 
logic changes are principally in the midbram establish the rela¬ 
tionship between chronic encephalitis and narcolepsy 

4 In the present case of narcolepsy following encephalitis, 
all forms of treatment have failed 
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CAROTINEMIA IN AN ADULT 
W J Porrs M D, Oak Pakk Iti. 

Carotinemia as a clinical enbty was established by the work 
of Hess and Meyers' m 1923 They observed a peculiar symp- 
tomless discoloration of the cheeks, alae nasi and forehead, and 
occasionally a generalized tinting of the skin in children fed on 
a high carrot diet They were able to produce the pigmenta¬ 
tion by the administration of carobn, and they saw it disappear 
when the pigment was withheld and the pigment-bearing vege 
tables were eliminated from the diet It was also discovered 
that spinach, oranges and egg yolk contain a large amount ot 
carotin 

DeBuys’ reported two interesting cases of carotinemia m 
new-born children, observed and studied in 1911 and 1913, and 
diagnosed in 1923 after the publication of the paper by Hess 
and Meyers A high vegetable diet had been advised for 
mother, who took the advice too literally and prachcally lived 
on green vegetables Each child when bom was normal in 
eveiT way but markedly pigmented The mothers milk was 
colored a deep orange-yellow AVhen the children were removed 
from the breast and put on artifiual feeding, the disco orabon 
promptly faded The mother returned to a balanced diet and 

consequently to normal color , , , 

Xanthosis diabetica, a yellow discoloration of the skin occur¬ 
ring m diabetic pabents on a high vegetable diet, was reported 
bv von Noorden in 1904 It has since been described by StocI z- 
ner' as pseudo-icterus The work of Palmer and his associates 
on carotin has cleared up tlie cause of these pigmcntabop and 
out them all m the class of carotinemia. They have demon 
strated that the color of body fat, milk, egg yolk, and serum m 
cases such as the ones here described is due to carotin which 
m no way differs from the pigment isolated from vegetables 

REPORT OF CASE 

H,c,orv—Mrs Mary B, aged 48, entered the Presbyterian 
Hosmtal because of a slowly deepening jaundice, pain in the 
SSmm^nd constipation Six months previous to cn ry 
sL^had spent six weeks at a sanatorium under treatment for 
hese syanptoms Follow mg a fast of forty fiv e day s she vyas 
put on a dmt limited strictly to vegetables and fruits, and dis 
missed After approximately three montiis of this regimen she 
nobred that her"?kin, especially the p^ms of hands, the 
soles of her feet, and her face, was becoming yellow This 
decoloration had deepened to a rather marked genera! orange 
vellovv at the time of presentation The pam in the epigastrium 
Ld the constipation had been present for six years, and were 
tv^iral of a mucous colitis brought on by the prolonged mjudi 
cious use of cutbartics . .— -—-——— 


— t i^iin wfTin^br 1927 ntimlfcr 38 p S/8 
Strtussler Khn -- y q Carotmcraia A New Q" 

I Hcs» A F 2nd^Mc>cT5 > V- 

^ ^ *rr MlJlhm State Medical As50ci3tion, 3 
2^St«lt«cr M Munchen racd Mchnschr GOi 419 1919 
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the grip relaxed It was increased b} attempts to withdraw 
the object but could be abolished bj asking the patient to per¬ 
form some common act with his right hand, in other words, 
bi distracting his attention At times, when the object was 
caught mereh bj the flexed finger tips the reflex became clonic 
m tj-pe, although tliere was no wrist clonus or marked exag¬ 
geration of tendon reflexes As a rule the left arm of the 
patient rested at his side and he seemed to mak-e no effort to 
mo\e It In sitting up the arm hung at his side neglected Yet 
m voluntarj moiements it was not greath inferior to the 
opposite limb m muscular power, although fine moi ements were 
practicallj abolished bj the marked tendenej toward tonic 
irmeiwation The tendon reflexes were somewhat increased m 
the left arm, Maiers sign was exaggerated and Hoffmans 
sign was shghtb positne There was no thumb sign The 
sense of position was normal m the fingers Tests for apraxia 
were unsatisfactory owing to the obnubilation of the patient 
and the poor coordination of the left hand He was able to 
perform acts of buttoning, writing, and striking a match with 
the right hand The left leg was considerablj w eaker than the 
right and showed exaggerated reflexes and abortne ankle 
clonus but no Babmski sign Papilledema had appeared by this 
time, being more marked on the right side A diagnosis of 
rapidly growing glioma of the right frontal lobe was made 
and the patient was submitted to 
exploratory operation by Dr H 
H Kerr Preliminary rentriculog- 
raphj disclosed marked depression 
of both anterior horns with partial 
obliteration of that on the right 
side On exposure of the dura 
there was great pressure, which 
was relieved by tapping a cavity in 
the growtli and remo\ing 25 cc of 
browmish red fluid Zenker's solu¬ 
tion was injected through the can¬ 
nula and the flap closed with de¬ 
compression The patient failed to 
regain consaousness and died about 
twehe hours later 

Necropsy disclosed a soft tumor, 
cystic and hemorrhagic, lying m 
the right frontal lobe appearing on 
the medial surface over tlie genu 
of tlie corpus callosum (fig 1) It 
measured 62 by 46 by 60 mm and 
contained a cavity the walls of 
which were fixed by the fluid in¬ 
jected The gross and microscopic 
picture corresponded with that of 
spongioblastoma multiforme 

Case 2 —T uherdcs on each side 
of median longiliidiiial fissure Bi¬ 
lateral re fie r grasping Death from 
gciici aliaed tuberculosis 

J L, a man aged 35, colored, w as admitted to Gallmger 
Hospital Dec 18, 1927, suffering from delusions of persecution 
and alcoholism The history was very fragmentary and unsat¬ 
isfactory For more than a year he had suffered from severe 
headaches and 4izz} spells with staggering Severe epistaxis 
had occurred two or three times On one occasion his jaws 
remained locked for twenty-four hours At Gallmger Hos¬ 
pital he had one convailsion He said that he felt welt except 
for headadie, but he had lost weight and suffered from cough¬ 
ing spdls during the three montlis preceding admission He 
continued working until he suddenly became blind in October 
1927, supjiosedly as a result of wood alcohol poisoning He 
was quite demented on admission to St Flizabetli s Hospital 
and had to be helped about tlie yyard He had an evening rise 
m temperature and presented advanced milian tuberculosis of 
the lungs 

On neurologic examination Feb 29 1928 the patient appeared 
weak poorly nourished uncooperative and listless He said 
he was able to sec on Tuesdays but at no other time He could 
walk about the ward avoiding objects and his blindness was 
believed to be hysterical The pupils were equal and did not 


react to light The evegrounds showed sharp outlines of tlie 
optic disks witliout atrophy or swelling but with some over¬ 
filling of the veins There was no paralysis although tlie 
patient tended to fall backward when standing The tendon 
reflexes in both upper and lower limbs were quite active and 
equal Exammation of tlie sensibility could not be earned out 
The neck was stiff, with a suggestive Brudzinskn sign and a 
positive Kemig sign on each side. Vasomotor and pilomotor 
phenomena were unusually active. The abdominal reflexes were 
bnsk and equal, the cremasteric reflex could not be obtained 
on account of the tonic contraction of this muscle There was 
some fibrillary twitching m tlie quadriceps on each side 

Vhen the fingers were inserted into the right palm and the 
thenar eminence was rubbed, there was reflex grasping which 
persisted m spite of commands to the patient to let go Not 
infrequently the grasping was clonic It was increased by 
pulling outward on the flexed fingers, but the fingers could be 
pried loose and there was no groping after the retreating object 
On the left side there was a suggestion of grasping when the 
thenar eminence was rubbed and the object withdrawn from 
the palm 

Examination of the spinal fluid klarch 5 revealed a pressure 
of 28 mm of mercury, 3 cells per cubic millimeter, and a trace 
of protein, there was a negative Wassermann reaction and a 
gold curve of 0023332100 At a 
second examination March 14, 
there were 19 cells per cubic milli¬ 
meter the protein was 2 plus and 
the gold curve 0012233200 The 
disproportion between the clinical 
signs and the spinal fluid observa¬ 
tions should have suggested the 
proper diagnosis, but the patient 
came to necropsy w ith the diagnosis 
of tuberculous meningitis Death 
occurred, March 23 
At necropsy there was wide¬ 
spread tuberculosis, and a fibro- 
cascous mass weighing 75 Gm re¬ 
placing the right suprarenal gland 
In the left cerebral hemisphere 
there was a fusiform tuberculoma 
measuring about 10 by 5 cm, King 
subcortically close to the median 
fissure and breaking through tlie 
cortex mto it about 3 cm behind 
the genu of the corpus callosum 
In tlie opposite hemisphere at this 
point there was apparently a secon¬ 
dary deposit centering about the 
callosomargmal fissure and involv¬ 
ing little but the cortex (fig 2) 
Smaller tubercles were found in 
both occipital lobes not directly in 
the V isual pathway s one in the base 
of the pons on the left side and a conglomerate mass measuring 
2 by 3 cm m the right cerebellar hemisphere 
Case 3— Arteriosclerotic dementia follcrving repeated vascu¬ 
lar insults Bilateral forced grasping and groping, disturbance 
of coordination in feeding Diatli from arteriosclerosis Atrophy 
of frontal lobes 

G K, a woman, aged 75, formerly a clerk in one of the 
federal departments was taken up by the police because she 
insisted on going to the otfice after she had been furloughed 
For several months preceding this she had been forgetful, 
inefficient and careless On admission to St Elizabeth s Hos¬ 
pital she was distractible, and she showed some fluctuation m 
mood being usually amiable, but sometimes irritable In 1923, 
a few months after her admission she had a cerebral accident, 
which caused confusion fever dvspnea tachycardia and tran¬ 
sient unconsaousness She recovered in a few davs becoming 
quieter and more demented A similar attack in 1926 left her 
bedridden mumbling spoonfed and untidv 

VTien examined \pril 15 1928 she was completely demented 
aphasic and bedridden The skin had a clear pallor the periph¬ 
eral and retinal vessels showed well marked sclerosis, and there 



Fiff 2 (case 2) —^Tuberculoma of left frontal lobe witli 
implantation m the richt frontal lobe another mass in the 
right cerebellar hemispnere The patient shoned reflex grasp- 
mg on both sides more marked on the right 




43 


medical news 


\ oLUMC 93 
iScuDEa 1 

Carnegie research ^VSd 

aniCBie"'lnsuStion of ^Exhtotions nere 

Spring Harbor. l^r^n accomplisho^ 

arranged to slion nte . board of trustees and 

ment of genetics The public n-as imuted to 

the president Acr celebration wll tale place 

the oJiibitions, Jp™ arranged bj the department of 

m August in San Francisco (F™/i"',titution This wU 
terrestial magnetism ° t},e nonmagnetic 

relate closclj to a three-jear cruise itdl be m 

nerpe nh.ch, oA 5 ,^;^ aboard Ae 

San Francisco then department oi terrestial mag 

ship The initial 'torh of the d^pa br.gnntme 

S£“ hSTiShSdt Su F..™..c. (T„. jo»-, 

Jub W 1928 p 106) introduced by Senator 

MeAcal BAs tn Congrec^~S^ ^Ynr,Vetera- 

Erookhart, Iona 


la m Congress-b two “ Veterans 

„ __ a proposes to amend the \korW^ 

Aerto proinde compensation^ or disa^^^^. of 


rcrto proinde compe-r^ation^f^^^^ be not of 

mr rcAran. esed *on|i to Black 

scnice origin H J V"^House of Eepresentatues requto 
Nen York proposes Aat to WO^ conference to limit Ae 
the President to caH m mtero ^ distribution of narcotic Augs 
production manufacture, s scientific requirements of the 

to the legitimate medical atio sci „ ^ (^t,ve McSrvain 

tJ^orld! H R 4124, " f^^ced b Rep^ta^en^^^^^ 

South Carolina, Ptoposw to tohor Arlington 

Commission to set a suitable p j,^,ocs 

National Cemeteo °t er and to erect an >mi)OS>ng 

of the fight a^mst >e«ow H R- 4130 

monument to Ae '’t^t'ory gtand Virginia proposes to 

si*s*..Vp’;?pS 0 ^^ 

iSr^BSfil S S»Sf lf.~ I.P D».b.ed V«,«.«r 

Soldiers at Hampton, Va degrees ucre 

Honorary Degrees —recent commencement 
awarded by Umver.it »£ CU. 


m Ac Light of Recent N ea^TSuo^to'Dctec- 

^Tuberlw “Uws^n^ 

Emplorefs Inte^auZl 

Sand. Paris ^as elected P'-“'f„^"^^rtLtic Cit June 14 and 
E°h‘' Le Sl:°tv te Pb P ■ ^ 

A Mine of tas just becn°put 

Ae Amcncmi ^‘tdeAal Association coritains in 

lishcd h^ Ae Ameriran arranged m con- 

one \oluine a huge amount o of the lau 2 > svhKh 

\enicnt form ^ Ae names of members 

goiem medical P’jfYJh ctSf boarA of health the names 
of licensing boards Dwr ^„d 

of city and A *ose pAsicians rsho are 

county medical societies ^ rj,g names of 

in Ae goremment rinc dinical laboratories which 

pathologists who conduenn^^^^ Medical Educauon 

' 3 V»;.iK<'kpW.» »M;»; A“S“,« S 
S'SpS SYmot 

Its possessions and Canada 


Choter H Mrans — ' •- „ „f Gtonna 

Detroit , .n *Ute tsallii conimuswner of G rg 

U^S.ty dSn^Umvcr=.tr of ArkonKS School of Med. 

r™ PlS'sv irH-s. c... «s. p.— •■ 

>SB: oxsxsitru™ 

“HSs 

rswo-s^p. ‘iSS |.»|x 

The subjects for discussion in relations of practi 

cbrnmination, diagnosis and hosptaliM prereniion of 

tioncrs, education of Ac \tr Edgar F Allen Ely na 

causes of crippling conAtions ^ ^ conference fn 

Ohio presidem of Ae society. tjic Crippled Quid 

address on ‘Erolution of „centh elected to 

-Delta Omega public bcaR' Hugh S Gumming V S 

honorary membership ^nr®rKdcnck F Russell of the Rockc- 
Piiblic Health Scmcc 1 '^4,:, Hoover Dr Charles k 

fclicr Foundation and "fl,c^ of Prondenre R I is 

aiamn for many tears hcaltn onicti -\mcri 

Ac Snly other Iwccmaiy u'emAr Ac Certified 

(nn \s 5 oaation of >itcrtical ^ ^ ^ ^omt incetmcs 

Mdk Producers' Atociation o ^™enca^he^a ^ j 

June 24-25 at MofYeal Poundaiion Lmter 

Inctenoloen and director of to ^,„duhnt Peter 

sitt of Cnlifomia klcdical bcliooi sj. 


CANADA 

A„»..a M.d,.a M;p.»r ».! SSS'fl-.pS™™' 

Medical Asswiation bHd a speakers, dimes 

June 17 to 21 The P 8 associations, and enter- 

busincss sessions Dit-ie links, the 

tainmcnt including a 8° , . Ontario cup’ Among 

mnner of whiA ^oAta Florence ^taly who 

Ac guests were Prof O Basis of Public Health Sir 
spoke on ‘ pidd V c^f^re g . Intrinsic Cancer of the 

St Clair Thomson Undon EngiaM Laryngo- 

Lanmx Sudden Onset of Pulmonary 

fissure" Prof E ParjV ^Fi^ations” Dr F J H 

Tuberculosis and DiancM m Physical Disease 

Campbell, London Mental Chang _ J Diagnosis of 

Dr Charles F ^klOiann Jr Boston ton. g 

Sirr’T™s»7«f£A- 

D,.g”'=”.a / A L“-Fo;fb„e"n«on &;• 

lU "s«g.a ”CS*®‘£ScJ. 7 T te «w“ 

CanaAan public Health M ph.sicians Association, and 

T,'” 

offices elected by Ae council of «« ^d.o a^ 

meeting were Drs ,^“y^d T ®az.n Mom^^^ ^ 

WilUam Haney Smith Y’™‘^ P^“'Xcted and Prank S 
RouUey Toronto general secretary, reeiectea a 

Patch 'Montreal honorao ‘buItoreTere no speLhes 
attended bv a distinguished retrrettmg Ac resignation of 

S' sssiarD"' isrv'ssroi'*= aS..-. 

journal after ten years of sertnee _The hbnrt 

fr’llvl oV &'sr.45 s£4 

of Sir NVdlmm Mr H S Uster me 

and oAcr toun^shed pc Medical Association long 

Balumorc President of ,, ”.V, donuent and beacti 

a colleague and cAse fnend f^^^^^^^Ypht ste.an and as a 
ful appreciation of Oder as a iron p N^raW Tnhuu 

..ntcr Leonard L M^cUll in >^Yto MoniLl untd Biblio 
writes that Ac hooks ww Ymnicted It was Osiers reque I 
ihcca Oslcriana had tern ^ l preparation since before 
that Ac catalogue which had ” te. comnlcted b\ tods 

fi .3 death m 1919 m of d“‘hJtejomplc ^ 

Oder and his f™mF Yor Thomas A Malloch hbrnrian of 
Osiers home for vears OrfMed^ne Mr H H HiU mil 
the New York Ycadem. I ad. O^Icr who died 

Mr Mackall m M^ O 

la-t scar Acn were pre OT rnorc. than he ecu 1 



10 


GROPING—FREEMAN A.\D CROSB} 


JODB A M A 
Jun 6 1929 


was some contracture of the louer limbs The upper hrabs 
ttere hypertonic but not contractured, and both of them at times 
Here wated about apparently aimlessly, gropmg non for the 
bedclothes, non ton ard the face or the gonm 
The face presem ed a smilmg blank expression throughout 
the examination, except nhen painful pressure n’as exerted 
oier bom areas She remained as nearly passu e as any patient 
could. The head n-as normal to palpation. The pupils nere 
of medium size, equal and regular, and they responded to light 
The patient resisted openmg of the eyes The teeth nere all 
missing and the maxilla n-as atrophic. tA hen an attempt n as 
made to open the mouth for purposes of e.\ammation it n-as 
hrmli closed and only nith considerable difficult} could a tongue 
depressor be introduced This closure nas seemingly a reflex 
action, as was apparent durmg feeding The jan jerk n-as 
yen actue and the labial muscles contracted sharply on per¬ 
cussion The neck n-as moderately stiff The thorax n-as 
normal, the abdomen thin-yy ailed, mth brisk cutaneous refle.\es 
The upper extremities yyere held flexed oyer the chest Both 
hands nere usually made into a loose fist, the thumb fittmg 
against the cune of the mdex The right hand n-as more 
actue m grasping and gropmg, but the left also participated 
AA hen the attempt y\ as made to drayy an-ay the top sheet, the 
patient, after gropmg about a little, caught hold of the edge 



and held fast to it in spite of rather notable traction If the 
attempt yy-as made to open her mouth, the right hand yyould 
be brought up in a groping manner, catch hold of the hand 
of the examiner, and hold fast If durmg this motion it yy-as 
intercepted, the intercepting object nould be grasped just as 
forcibly, and the left hand would be brought up sloyyh yyith 
some oscillations and sloyy tremors, to catch the hand that 
nas pressing on her jayy Similarly, yyhen an attempt nas 

made to expose the chest, the hands yyere brought up and 

clutched the chemise tightly 

AATien the examiner s fingers n ere introduced into the patient’s 
palm they yyere immediately grasped (ffg 3) and the force 
of the grasp increased as attempts yyere made to nithdrayy 
the fingers or as the palm n-as scratched. The grasp contmued 
for a minute at a time, ey-en if no attempt at n-ithdrayyal yyas 
made During this period the hand yy-as occasionally ammated 
by sloyy rhy-thmic tremors about tyyo to three a second, and 

of considerable amplitude, consistmg mostly of flexion and 

extension of the n-nst, although the fingers occasionally partici- 
jiated, the rate being about tyy-ice as fast The tremor nould 
come and go mthout apparent cause AATien the hand lay 
passively on the chest, stroking along the thenar eminence 
resulted in flexion adduction and pronation u-ith grasping 
moyements of the fingers AATien the hvpothenar eminence 
yy-as stroked the patient s hand again groped toyy-ard the stim¬ 
ulating object -At times the hand could be led back and forth 
across tlie bed by such maneuyenng If at any time it caught 


tile objwt, the grasp immediately tightened and rem-iined fixed 
A painful stimulus upset the grasping meclianism somenhat 
\\hen a pocket knife yyith all blades open yy-as placed m her 
hand. It yy-as grasped as any other object, but the grasp nas 
light AA^hen the points nere pressed against the skm, the hand 
opened As soon as the pressure yy-as relaxed and the points 
ceased stickmg the grasp yyas resumed. The patient did not 
fumble n-ith the object or attempt to turn it about so that it 
yyould not prick her During all such operations the patients 
face bore no trace of emotion She lay nith her eyes lialf 
closed, apparently obhy-ious to the manipulations 
The tendon and periosteal reflexes yyere exaggerated, yyitliout 
clonus Mayers and Hoffmann’s signs were exaggerated on 
the nght side and present on the left. Scratching the hypoth- 
enar eminence resulted sometimes in adduction of the thumb, 
sometimes in flexion of the yynst yyith partial yyithdrayyal of 
the hand The nutrition of the skin and muscles seemed quite 
good There yvas slight contracture The patient responded 
to pmpneks and deep pressure by yyithdrayyal of the hand, but 
no other tests for sensibility could be carried out on account 
of the dementia 

The loner limbs yyere slightly contracted in flexion Tlie 
muscles yyere rather atrophic and hypertonic but under fairly 
good coordinated control The tendon reflexes yy ere exagger¬ 
ated, mthout clonus, and a negatiye Babinski sign yyas 
observed A light tap on the sole at the base of the second 
toe nas followed by flexion of all the toes and adduction of 
the lesser ones At times the ankle yy-as extended The reac¬ 
tion occurred nith very little latency, nas repeated time and 
again in a stereotyped manner, required a very slight stimulus, 
and lasted only a moment Forable stroking of tlie tibial crest 
yielded a more tonic response of the same sort These reactions 
yyere a little more pronounced on the nght side than on the 
left but were identical m kind. The patient could not sit up 
or yvalk. Tests for sensibility in the lower extremities yyere 
hmited to pncknng and pinching, to both of which the patient 
responded by yyithdrayyal of the foot She made no outcry or 
other objection 

Feeding, according to the nurses’ observations and our oyyn, 
n'as a difficult and complicated affair The patient nillingly 
partook of eyery-thmg, yyithout making any objections, she 
yy-as not resistue m any yyray, yet she yyas practically unable 
to open her mouth for the purpose of taking food AATien she 
attempted to do so her mouth closed yvith a snap, and any 
attempt to open it by external force met with invincible resis¬ 
tance. If a tongue-blade yyas mtroduced into the moutli the 
patient made efforts to get rid of it, yvorking against it yyith 
the tongue so that it yyas difficult to introduce it into tlie 
phary-n-x AA^hen finally it could be pressed against the poste¬ 
rior pharyngeal yyall, it provoked a mild gag reflex with wide 
opening of the mouth 

In feedmg the patient very small morsels had to be given, 
otherwise they could not be mtroduced into the mouth Even 
the small ones were frequently rejected, the tongue curling over 
them and pushmg them through the lips The patient could 
swallow readily and apparently enjoyed her food, but she could 
not manipulate it properly in her mouth AVe have observed 
this phenomenon in an infant, aged 8 months, who nas just 
beginning to take solid food The patients actions resembled 
so closely the behavior of the infant that she was given a 
nursing bottle and mpple. As soon as a drop of milk touched 
her lips she opened her mouth wide enough for the introduction 
of the nipple, rolled it about with her tongue, and sucked on it 
There was no rhy-thmic contraction of the jaws, although 
within a few minutes she had taken about 4 ounces of milk 
The nipple was easily released from the mouth. Moving it 
about in the mouth seemed to stimulate sucking She held the 
bottle m her hand for a time, but lowered it too much to take 
more milk She would pull it from her mouth, at the same 
time clamping the mpple till it nas feared that she yyould pull 
the mpple off She seemed satisfied after she had taken S ounces 
and shut her mouth against more. 

At necropsy the body w eighed 34 5 Kg and measured 147 
cm There were contractures of the lower limbs Except for 
atrophy and arteriosclerosis the organs did not show significant 
changes The brain weighed only 890 Gra and was surrounded 
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by 200 cc. fluid The meninges were slightly thickened and 
showed enlarged arachnoid villi The vessels at the base were 
tortuous and calcified There tvas extreme atroph> of the 
hemispheres, especiallj in the frontal regions, where the fissures 
gaped widely and the convolutions were narrowed and firm. 
No focal lesions were visible externall> The ventricles were 
widely dilated and extended much farther forward tlian usual, 
leaving a thin lajer of white matter between the ependj-ma and 
the cortex This white matter was of good color except at 



Fiff 4 (caae 3) —Atrophy of both hemtspherea which was especially 
marked m the frontal regions and dilatation of the lateral ventricles. The 
patient showed bilateral reflex grasping 


the lateral margin of the ventricle, where it had a grayish 
translucent appearance In the right hemisphere there were 
two infarcts, one involving the anterior lunb of the internal 
capsule wnth the adjacent gray nuclei the other destrojing the 
inner portion of the globus pallidus The basal ganglions were 
markedly atrophic, but no other focal lesions were evident. 
The cerebellum and brain stem were likewise atrophic. 

The phenomena in this case were attributed to the extreme 
atrophy of the frontal lobes rather than to the focal lesions 
encountered in the right hemisphere 

Case 4 —Cerebral arteriosclerosis with dementia bilateral 
reflex- grast’ing death from cardiac failure Atrophy of both 
frontal lobes and pons 

B kl, a woman, aged 60, was admitted to St Elizabeth’s 
Hospital, Nov 1, 1927, and died Aug 7, 1928 Her past historj 
was unimportant, her father had died at 60 of a paralytic 
stroke Her illness began with a fall in September, 1926, after 
which she was weak on the right side and could not speak for 
several hours On admission she showed residuals of right 
hemiplegia and loss of memory , she was complctelj disonented 
and was untidj m her habits Within a few months she became 
completely demented and mute, and early in August, 1928, 
developed fever and signs of pulmonary consolidation Exami¬ 
nation on Julj 23, two weeks before death, when she was still 
m her usual condition, revealed the following The head was 
normal, and the pupds vv ere equal and active, the ej egrounds 
were not satisfactorily observed because of the constant mobon 
The patient resisted openmg of the ejes, apparently a mani¬ 
festation of “tonic innervation” The face was calm and 
expressionless during tlie exammation, and on supra-orbital 
pressure grimaced normallj, no weakness being detected. The 
tongue was protruded vvitli slight tremor ^^^len an attempt 
was made to open the mouth bj pressing on the chin tliere w'as 
tonic closure of the mouth, and when the tongue blade was 
introduced it provoked puckering of the mouth and coordinated 
resistance bj tlie lips, jaw and tongue, jet to judge from her 
facial expression, the patient did not seem to resent the maneu¬ 
ver According to the nurses she was able to take onlj very 
small morsels of food, anj large piece being rejected as in 
case 3 To all appearances she relished her food and could 
chew It without difficultv and swallow normallv A mild gag 
reflex was elicited bj pressure on the pharvnx The hands 
were kept folded over the chest most of the time There was 
no atrophv or deformitj , tlie muscles were weak but hvper- 


tonic wuth exaggerated tendon reflexes Hoffmann’s and 
Ma> er s signs were present on both sides, and Mane s sign on 
the right On stimulation of the palm and thenar eminence 
bj deep stroking with the finger there was moderatelv active 
grasping on the right side, which quicklj relaxed when tlie 
friction was discontinued There was some tremor present 
On the left side tlie grasp was mamtained, and there was some 
tendenej to grope tovviard the covers, the chemise or tlie face. 
The grasp often became clonic in character and the hand was 
occasionallv activated by slow rhjthmic movements at the 
wnst The abdommal cutaneous reflexes were absent but tlie 
rectus tendon reflexes were exaggerated 

The low er limbs were in slight flexion contracture with hyper¬ 
active reflexes and bilateral ankle clonus and Babinski sign 
On the left side, although almost any stimulus would provoke 
dorsal extension of the great toe, a mild touch at the base of 
the second toe would occasionallj provoke flexion of all the toes 

Necropsj one hour postmortem revealed generalized arterio¬ 
sclerosis with emphjsema and bronchiectasis The brain was 
small, weighing only 940 Gm The frontal lobes seemed 
espeaallj atrophic wuth narrow convolutions and pronounced 
fissures, and there was an excess of cerebral fluid, measunng 
240 cc Tbe pons was exceptionally atrophic, both sides appear- 
mg sunken and narrow The menmges were slightlj opaque 
over the frontal area, the blood vessels were markedly 
sclerosed, dilated and tortuous Section of the brain after 
fixation revealed dilatation of the ventricles and reduction of 
the subcorheal white matter, with a thin corpus callosum 
(fig 5) In the left frontal pole underl>ing the gjrus rectus 
opposite the genu was a small cystic infarct Farther posterior, 
where the ventricles opened, the white matter of the frontal 
lobes presented a translucent grayish aspect and was markedly 
diminished in amount On the right side, opposite the head 
of the caudate nucleus, lyung m the anterior limb of the internal 
capsule, was a small cvstic infarct The atrophy of the white 
matter was apparent throughout both frontal lobes but in no 
other portion of the brain Gross section of the pons revealed 
promment pontile nuclei with tliin pyramidal tracts 

Case S— Paranoia with senile deterioration Flexion contrac¬ 
ture on right, reflex grasping on left Death from cardiac 
failure Bilateral atrophy of white matter of frontal lobes and 
of the pons 

S if, a white woman, was admitted to St Elizabeth’s 
Hospital April 20, 1906 and died Aug 18, 1928, at the age 
of 82 Her delusions of persecution drove her to seek redress 



Fib 5 (case 4) —Atrophy and infarcts In both frontal lobes. Bilateral 
reflex grasping had been present. 


from the President, and she was committed to the hospital 
She was meddlesome and officious and occasionallv disturbed, 
and her delusions of grandeur and persecution subsided only 
with advancing detcnoration No definite ajxiplcctic insults 
were noted, vet in 1926 she became helpless and developed 
progressive contracture of the right arm and leg with severe 
dementia Death resulted from arteriosclerosis and cardiac 
failure 
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At examination, Julj 23, 1928, the patient i\’as practicalh 
deaf blind and mute. The pupils \\ere small and equal, 
responding slightlj to light Cataracts prevented examination 
of the fundus The ejeballs mo\ed in conjunction without 
njstagmus Facial mimicrj was impo\enshed, although grimac¬ 
ing due to pain was sjanmetncal There was little resistance 
to the introduction of a tongue blade, although the patient 
pursed up her lips The mouth could be opened without diffi¬ 
cult} b} pressure on the chm The pharyngeal reflex was weali.. 

The right arm was in strong contracture, the atrophic hand 
being folded on the chest wuth the index finger extended The 
left upper limb was moied about freely by the patient 
Hoflrmann’s sign was doubtfullj present on each side, Majer’s 
sign was absent on the right, exaggerated on the left Mane’s 
sign vas absent Reflex grasping was elicited by forceful 
fricbon of the palm and thenar eminence on the left side but 
was liable to relax quicklj unless traction was continued on 
the flexed fingers There was no definite groping, although 
the left hand tremulousl} sought the site of painful disturbance 
in the lower limb On both sides there was pronounced tremor, 
slow and rh}thmic, brought out by action and quickl} dying 
aw 3} The left hand tended to grasp the bedclothes as they 
were drawn away but did not interfere with feeding The 
tendon reflexes in both upper extremities were very actiie. 

The abdominal reflexes were not obtained The lower 
extremities were drawm up in flexion, which was innncible on 
the right The Babmski sign was negatne bilaterally, the 
Oppenheim negative on the right but positne on the left The 
tendon reflexes were quite brisk but without clonus Tapping 
at the base of the left second toe occasional!} produced flexion 
of all the toes, but usually the whole foot was wnthdrawn with 
marked tremor 

The necropsy, performed fort} -six hours after death, revealed 
senile emaciation (315 Kg), and seiere contracture of both 
legs and the nght arm Generalized arteriosclerosis wnth senile 
atrophv of all the organs was noted The heart showed some 
fibrous changes m the mj ocardium The bram was considerably 
shrunken, w eighing only 923 Gm, and bemg surrounded by 
230 cc. of fluid The meninges were essentiall} normal, the 
arteries dilated, tortuous and atheromatous No thromboses 
were encountered The frontal lobes in particular were 
markedl} atrophic, wnth narrow coniolutions and broad fissures 
The pons likewise showed general atrophj Section after fixa¬ 
tion reiealed on both lateral aspects of the dilated anterior 
horns a graiish porous condition of the white matter but no 
definite areas of mfarction The two hemispheres seemed 
about equall} affected The cortex was thin, the corpus callo¬ 
sum not markedl} atrophic The basal ganglions were free 
from significant lesions Section through the pons revealed 
reduction in the size of the ventral part, with prorament gray 
masses 


Delayed Operation in Tubal Disease —Almost twenty 
}ears ago F F Simpson read before the American G}Tieco- 
logical Societ} a paper which revolutiomzed the treatment of 
tubal disease Prior to that time its management had been 
purelv surgical Operation was done routmel} as soon as the 
diagnosis was made and because it was done in the acute 
stage, ablation of the entire gemtal tract was often a necessary 
consequence. The result was not onl} a group of thoroughly 
unsexed women at least in the ph}'siologic sense, but also a 
death rate approaching 20 per cent Then came Simpson wnth 
his advocac} of the delaved operation wnth the plea that sur- 
gen should never be resorted to in acute salpingitis until the 
temperature had been consistent!} normal for at least three 
weeks even after repeated bimanual examination until there 
had been absolute recoverv from the acute attack, and unhl 
there had been a complete absorption of the inflammatory 
exudate surrounding the pnmar} focus of infection. These 
astounding proposals could not be ignored, revolutionary as 
the} were because their advocate was able to show for them 
m 1 series of more than 400 cases the hitherto unheard of 
mortahtv of 1 per cent—Miller C J Salpingitis The Case 
for E-xpcctant Treatment J Obsf & Gynce December 
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INFANTILE KIDNEY 

ABRAHAM G FLEISCHMAN, MJ) 

AXD 

BOYD ANDERSOiN, MD 

DES MOIXES, IOWA 

Numerous arheJes have appeared in medical journals 
dealing -with kidnej anomalies w'hich are no longer con¬ 
sidered ranbes When one investigates caretiillv the 
literature concerning infantile kidnev, one is impressed 
with the scarcitjs of contributions 

Geraghty and Plaggemej'er ^ have discussed this 
unusual anomaly and have emphasized its infrequency 
Dona" has reported a case discov^ered at necropsy 
Robinson ® covers the subject of atrophic or rudimen¬ 
tary kidney, he does not limit his discussion solely to 
the small kidney hut considers all forms of atrophic 
kidney’' resulting from various diseases Kaufman * 
described in detail a small kidney of infantile character, 
discovered at the time of an operation Krotoszymer ’ 
gave his observation of anomalies of the urinary tract 
and reported a case of renal hypoplasia Lewis and 

Bethune “ reported 
a case of infantile 
kidney’, complicated 
by an occlusion of 
tlie ureter with 
nephrolithiasis on 
the opposite side 
Infantile kidney, 
often designated as 
congenital atrophic 
kidney or renal 
hypoplasia, is vital¬ 
ly important in 
urologic differential 
diagnosis and must 
be thought of 
W'henev er surgery 
of the other kidney 
IS contemplated 

Fif 1— Pjtlopram of the left kidney Our interest W'aS 
showing a disUnct Slime defect deformity arOUSed in the 

Study of this rela¬ 
tively rare anomaly’ by an unusual case Many tlieones 
have been offered as to tlie origin of this anomaly from 
the embryologic point of view, and all agree that it is 
the result of an arrested fetal development 

Suffiaent evidence has been obtained by’ competent 
and well qualified investigators to substantiate the view 
that atrophic changes in a kidney can be the result of 
vanous diseases It is extremely difficult, however to 
differentiate between the small kidney that is the result 
of some acquired pathologic process and the kidney that 
is atrophic because of some congenital nondevelopment 

The size of these kidnev s may’ v’ary’ from that of a 
small bean to that of an English walnut The kidnev 
is located usually in the same region as is the normal 

1 Geraghty J T and Plaggemeyer H \V The Practical 

tance of Infantile Kidney in Penal Diagnosis J A, A. 01 2--A 
(Dec. 20) 1915 ^ . . r r 

2 Doria J R* da C. A Case of Atrophia Congenita of the Lett 
Riro Legal Jfedical Ser\jce Bahta 1924 

3 Robinson Bryon Atrophic or Radimcntarj Kidney A. Practitioner 

Aenrs 5a5 560 (SepO ^ tt , e 

A Kaufman L. R Congenital Atrophy of the Kidney Urol A. 
CuUm Rev 20 283-286 (May) 1922 

5 Krotoszrner Martin Oh<er\-at!on on Anomalies of the Urinary 
Tract Ann ^urg 65 560 (May) 1917 

6 Levns J S and Bethane C U Infantile Kidney and Oeclution 
of Lreler witn Nephrolithiasis on the Opposite Side Am. J Urol S: 599 
1913 
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organ The pelvis of such a kidnej rna\ be preciselj 
similar to the normal pelvis, with the exception of its 
distinct diminution in size, and arising from it there 
may be only a single cahx or multiple cahces which are 
also of minute dimensions Histologically it does not 
differ in any way from the usual normal kidnej except 
for a noticeable decrease m its cortical area and a 
marked deficiency in the number of glomeruli The 

ureter of infantile 
kidney vanes, it 
may be normal 
wth some diminu¬ 
tion in Its size, or 
It may present 
other abnormalities 
The clinical diag¬ 
nosis of infantile 
kidney is not sim- 
p 1 e Frequently 
there are no sjmp- 
toms that designate 
■with any degree of 
certainty whether 
or not this patho¬ 
logic entity is pres¬ 
ent The roent¬ 
genogram IS seldom 

Fig 2 —Pydogram of right infantile kid gf assistance be- 
nev showing rudimentary change* m all the - , 

caJlces particuJarly the minor ones CclUSe 01 tnC CX- 

treme difficulty in 
obtaimng proper outline in kidneys that show great 
diminution in size Cystoscopy, m conjunction with 
pyelography and the usual standard functional test, is 
of practical assistance 

The bladder itself usually does not present anything 
of interest, unless some other concomitant pathologic 
condition is present Observation of the ureteral on- 
fices reveals, in most instances, nothing abnormal Some 
investigators, however, describe atrophic changes of the 
arcular muscle about the meatus 

The ureteral catheter provides an excellent means of 
disclosing any obstruction that may be present along the 
ureter in its course from the bladder orifice to the renal 
pehns, tliereby determining permeability of the ureter 
on the side on which the infantile kidney exists 

The examination of urine obtained from a ureteral 
cathetenzed speamen from the infantile kidne) may not 
show an}'tliing abnormal with the usual chemical and 
microscopic tests, unless it is tlie seat of some pathologic 
process For this reason one must not take for granted 
that he is contending with a normal kidner , disastrous 
results may occur when dependence is placed on this 
observation Considerable decrease in die amount of 
urine w ill usuall} be observed Nevertheless too much 
significance cannot be attached to this, because on 
numerous occasions sucli diminution can be accounted 
for bv a reflex inhibition follow mg cj stoscopic manipu¬ 
lation On the other hand, the other kidne) w ill secrete 
proportionately greater quantities of unne, signif)nng 
a compensator) effort on its part 

Renal functional tests are of great diagnostic help 
The d)e output from an infantile kidnei is alwa)s much 
diminished in amount while the output from the oppo¬ 
site kidne) is increased The appearance of tlie d\e 
from such a kldne^ is in most instances dela)ed while 
from the opposite kidnes it is usuallv within die normal 
time limit An outstanding fact first recognized bv 
Geraght) and Plaggemc\er,‘ pertaining to infantile kid¬ 



neys was their ability to concentrate urea wathin normal 
limits, although not capable of performing die function 
of a full kidne) 

Pyelography also serres as a means dirough which 
a diagnosis of this condition can be determined, how'- 
ever, it is sometimes of doubtful value since the size 
of the kidne) pelvis is usuall) not a reliable index of 
the size of the ladne) Examination of pyHograms wall 
reveal that the renal pehns and cahces of the kidney 
are exceedingly diminished m size in comparison with 
the normal In some cases the pelric oudine wall be 
completely effaced, so that no true pelvis wall be dis- 
cermble In odier instances the pel\as will assume a 
normal shape wath an average size but the cahces will 
be more or less obliterated The kidney may, however 
be so undeveloped that the pyelogram wall not offer 
anything of importance by w'hich such a kidney can be 
recognized 

It is difficult at times to differentiate these forms of 
anomalies from the pyelographic point of \aew with 
other pathologic conditions of the kidney that present 
pyelograms similar to those of infantile kidney We 
refer particularly to renal tuberculosis, tumors of the 
kidney and those kidneys in which chronic inflammatory' 
lesions predominate 

REPORT OF CASE 

History —Mrs W I, aged S3, an Iowan, first observed 
July 12, 1927, complained chiefly of pain under the left shoul¬ 
der She had two children, aged 23 and 26 years The di- 
mactenc occurred at the age of 47 Her past medical history 
was negative with the exception of hyyieraciditj fifteen years 
prenously and cystitis ten years prenously 

Jan 7, 1927, follownng a banquet m the evening, the patient 
was seized wnth a sudden acute pain under the left scapula 
which persisted for 
about SIX hours at its 
onginal site, radiating 
down the left side to 
about the crest of 
the ilium An hour 
after the onset she 
vomited gastric con¬ 
tents and continued to 
do so at frequent 
mtervals for the next 
two or three hours 
She was given one- 
half gram (32 mg ) of 
morphine but relief 
was not obtained, and 
half an hour later one- 
fourth gram (16 mg) 
of morphine was 
given There were no 
urinary svmptoms and 
all specimens of unne 
were normal After 
she remained m bed 
for two weeks the 
pain gradually sub¬ 
sided, leaving a con¬ 
stant soreness Tull 0 3—Duerammatic drawing nude frnm 

rr j ^ pjclogrami in illustrate the dilTcrcnce 

she suffered a similar betueen the two I.idne>5 

attack except that the 

condition came on more quickly than the previous one and 
the radiation of the pain at this time was directly across the 
upper part of the abdomen to the right costal margin The 
urine speamen at this time according to the family phvsiaan 
contained pus albumin, and a few red blood cells 

July 12 the patient was rather pale and showed some evi¬ 
dence of loss of weight There was a general fulnc's of the 
left upper quadrant of the abdomen which moved slightly vvith 
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rdspiration Palpation m this region revealed a firm rounded 
mass extending about three fingerbreadths below on the left 
costal margin It vvas somewhat tender antenorlj as one made 
pressure over the abdomen and left renal region Glandular 
enlargement was not present The blood pressure was 126 
sjstolic and 80 diastolic, the pulse rate and the temperature 
were normal 

The patient was advised to enter a hospital for a urologic 
examination 

July 12, the blood count revealed red blood cells, 5,000,000, 
white blood cells, 18,600, poljmorphonuclears, 89 per cent, 
IjTnphoc)tes, 10 per cent, transitionals, 1 per cent The unne 
specimen wias straw colored, cloudj and acid, with a specific 
gravntj of 1 020, there w as a trace of albumm, but no sugar 
Microscopicallj, 2 or 3 white blood cells were found The 
blood urea was 6S mg per hundred cubic centimeters Phenol- 
sulphonphthalein determination gave for the first specimen, 
170 cc., 20 per cent, for the second specimen, 60 cc., 20 per 
cent, making a total for the two specimens of 40 per cent 
The first cjstoscopic exami¬ 
nation was done Julj 12 The 
bladder was essentially nor¬ 
mal Ureteral catheters 
passed without anj obstruction 
to each kidnej 

Phenolsulphonphthalein, 
when given intravenously, 
appeared on the left side in 
seven minutes the amount 
secreted was 20 per cent on 
the right side a ven faint 
trace appeared in nineteen 
minutes The amount secreted 
could not be estimated because 
of the small quanbtv There 
was a scant amount of urine 
from the right kidnev Micro¬ 
scopic examination showed an 
occasional leukocj'te The 
was a moderate amount of 
urine from the left kidnej, and 
an occasional leukocj-te was 
revealed microscopicallv 
Sodium iodide 25 cc, was in¬ 
jected into the pelvis of the left 
kidnej A pj elogram rev ealed 
a well defined filling defect of 
the upper pole and a flattening 
out of Its pelvis, significant of 
renal neoplasm. 

Julj 19, a second cjstoscopic 
examination was done The 
bladder was esscntiallj nor¬ 
mal Phenolsulphonphthalein 
was given intravenouslj it 
appeared after four and one- 
half minutes on the left side, and the amount secreted was 
7.5 per cent on the right side a slight trace appeared in fifteen 
minutes the amount could not be estimated because of the 
small quantitv secreted 

There was a scant amount of urine from the nght kidnej 
There was a moderate amount of urine from the left ladnej , 
microscopicallj both specimens revealed an occasional leuko- 
evte, 4.5 cc of 12 5 per cent sodium iodide was injected into 
the pelv IS of the right kidnev The pv elogram rev ealed changes 
in both major and minor calices which indicated a rudimentarj 
appearance 

The third cvstoscopic examination was done November 12 
The bladder was essentiallv normal Indigo carmine was 
administered intrav enouslv it appeared verv strong from the 
left ureter in five minutes while onh a faint trace came from 
the right m thirtv minutes There was a scant amount of 
unne from the right kidnev wnth an occasional leukoo-tc and 
1 per cent urea nitrogen There was a moderate amount of 
unne from the left kndnev, wnth an occasional leukocj-tc, and 
1 per cent urea nitrogen. 


While the pjelogram of the nght kidney was not typical in 
every degree m this instance of an infantile kidnej, still there 
was some resemblance Other urologic observations were com¬ 
plete enough to make the diagnosis, namelv, the normal char 
acter of the unne, the small amount of urine e.xcreted, the 
normal urea concentration of the urine, the marked decrease 
in function as determined repeatedlj by the various dve tests, 
and lastlj, the normal function of the left kidnej, although 
distinctlv diseased 

Operation and Result —Although the patient was informed 
on previous occasions that because of the marked functional 
incapacity of the right kidnej operative procedure was not 
deemed advisable, she returned to the hospital, November 11, 
asking that surgical procedure be instituted November 17, 
an exploratorj operation was performed with the idea that 
perhaps a partial resection of the left kidney Could be carried 
out The attempt proved futile The patient became shocked 
to such an extent that further work had to be abandoned 
Postoperative measures were resorted to but the patient suc¬ 
cumbed a few hours later 
During the operative explora¬ 
tion a massive tumor was ob¬ 
served occupjing the greater 
portion of the left section of 
the abdomen Permission for 
a necropsy was requested and 
granted with the understand¬ 
ing that the structures inv olved 
should remain undisturbed 
Necropsy —The left kidney 
was enormously enlarged It 
showed evidences that there 
had been a marked hjper- 
trophj during life. Approxi¬ 
mately the superior two thirds 
of the kidney was well encap¬ 
sulated This was partially 
filled by a necrotic blood- 
tinged material It had the 
appearance of a degenerative 
hj pemephroma The tumor 
mass and the remaining kidney 
substance was firmly fixed to 
the posterior parietes, extend¬ 
ing mesiallj as far as the 
spinal column The remaining 
portion of the kidney measured 
17 by 7 by 5 cm The lower 
pole contained a cyst about 
the size of an English walnut. 
The pelvis of the kidney had 
been entirely taken up bj the 
tumor mass with the exception 
of the iwrtion of the lower 
segment. 

The right kidnej on exammation measured 6 by 3 bj 2 cm 
It had the appearance of being normal in every respect but 
minute in size, and in comparison with its pjelogram was found 
to be much smaller The ureter entered ^e midportion of the 
ladnej substance without a demonstrable formation of a pelvas 
and the examination of it did not disclose anything abnormal 

CONCLUSIONS 

The following are the important and salient facts that 
should be remembered with reference to infantile 
kidney 

1 The function of an infantile kidney shows marked 
impairment as determined bj the colorimetric d\es but 
still IS able to excrete normal urine and concentrate urea 
in normal quantities 

2 The function of a kidnev in which disease is pres¬ 
ent IS alwaj s greater than that of the supposedlj normal 
infantile kidnej 



4_^Drawing made from necropsy observations showing the smll 

infantile kidney on the right and an extensive hypernephroma of the left 
kidney 
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3 Pyelographj is often of assistance in the diagnosis 
of this rare condition but cannot always be relied on 

4 The deasion before ad\ ising surgery in a diseased 
kidney when the other is infantile must be made cau¬ 
tiously because of the inability^ of the infantile kidnei 
to undergo compensatory hypertrophy, an essential fac¬ 
tor if a successful outcome is to be attained 
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FAMILIAL PURPURA HEMORRHAGICA 
WITHOUT THROkIBOPENIA 

HEREDITARt HEVORRHAGIC THROMBASTHENIA* 

PHILLIP E ROTHMAN, MD 

AND 

NORMAN K. NIXON, MD 

LOS ANGELES 

“It is becoming increasirigly evident that the group 
termed ‘the hemorrhagic diseases’ includes a large 
number of abnormal conditions, and that, at the present 
time, It IS a fruitless task to attempt to unravel the 
vanous entities embraced by the dtnical conditions 
which are assembled under ^s general head ” This 
statement, made thirteen years ago in an oft 
quoted address by Alfred Hess,^ is unfortunately still 
applicable today Nevertheless, as time goes on, tlie 
accumulation of a sufficient number of atypical cases 
with Similar manifestations permits the formation of 
new groups, and subsequently necessitates a partial 
reclassification 

Such a group of cases has been reported by 
Glanzmann ■ He has descnbed in detail eight families 
with an unusual form of purpura and has proposed the 
name hereditary hemorrhagic thrombasthenia The 
disease affects both sexes and is usually transmitted 
by the females Briefly, the symptomatology consists 
of attacks of severe epistaxis and a tendency to develop 
ecchymobc areas spontaneously or following slight 
trauma The hemoglobin determinations and the red 
and white blood cell and differential counts show'ed 
only such a deviation from the normal as one would 
expect in an anemia due to loss of blood It was con¬ 
sistently noted that in nearly every case the number 
of platelets was normal or slightly increased The 
bleeding time W'as rarely prolonged, but apparently 
more blood appeared and a larger amount could be 
expressed from a minute finger wound than m normal 
controls The coagulation time was not altered, 
although occasionally the clot did not entirely solidify 
A failure of the clot to retract normally is a point par¬ 
ticularly stressed by Glanzmann In many of the cases 
retraction was entirely absent, w'hile in otliers it was 
only partly complete wuth occasional setthng of the red 
cells to the bottom of the tube 

Minot® has recently reported two families wnth a 
somewhat similar hemorrhagic condition In liis cases 
the bleeding time was greatly prolonged and vaned 
between thirty minutes and an hour or more The 
number of platelets, coagulation time, clot retraction 
and tourniquet test w ere normal The repeated attacks 

* From the Children s Hospital 

^ 1 Heaf A- F The Blood and the Blood \ cssels m Hemophilia and 
Other Hemorrhagic Dieses Arch, Tnt Med I7t 203 (Feb) 1916 

2 Glanzmann E. Hereditare hamorrhaETSchc Thrombasthenie Jahrb 
f Kinderh 88 M2 111141 1918 

^ 3 Mmot G R- A Familial Hemorrhaeic Condition Associated with 
Prolongation of the Bleeding Time Am- J M Sc- 175 301 (March) 


of epistaxis were v\uthout doubt a purpunc manifesta¬ 
tion, as nasal telangiectases were not present Herm- 
otomy, appendectomy and other operabve procedures 
were not followed by an\ undue bleeding 

Some cases that closely correspond to tliese, wnth 
prolongation of both the coagulation and tlie bleeding 
time, are recorded by Buckman * The number of plate¬ 
lets and the degree of clot retraction were not altered 
A family history of bleeding was lacking in one of his 
cases, but in all other respects it might w ell be included 
in this group 

Giffin ® has descnbed a w oman, aged 33, wnth epi¬ 
staxis and other purpunc manifestations, designating 
the condition “severe hemorrliagic disease occurnng in 
four generations ” The bleeding time and prothrombin 
time were prolonged, whereas the number of platelets 
and coagulation time were normal He also reported 
the case of a girl, aged 9 years, wnth similar changes 
in the blood but wnthout a family histon of bleeding 
The bleeding time wms prolonged despite a normal 
platelet count The clot did not retract Bleeding from 
the nose and gums w’as extremely severe and uninflu¬ 
enced by injections of calcium, thromboplastic sub¬ 
stances and some sixteen transfusions Splenectomy 
was jierfoimed wnth no immediate response and no 
alteration in the condition of the blood After a tw'O 
months’ interv’al, gradual improvement occurred and 
the cliild was finally' discharged in good condition The 
spleen did not show any other pathologic changes, 
except an increase in fibrous tissue This case is men¬ 
tioned again by Kennedy,® who has noted that since 
the onset of menstruation the penods bav e been accom¬ 
panied by an alarming profuse menorrhagia The 
patient also had a severe hemorrhage follow'ing the 
extraction of a tooth 

Little and Ay res" hav e traced a family w'lth similar 
manifestations through five generations and report two 
typical cases Both showed a prolonged bleeding time 
wnth a normal number of platelets and no abnormality 
in the coagulation time In one patient bleeding per¬ 
sisted despite the usual therapeutic measures and 
splenectomy was finally resorted to Death occurred 
nine hours after the operation 

Two more cases m a mother and son are bnefly 
mentioned by Rosenthal ® and classified as chronic 
thrombasthenie purpura The platelets were normal 
and the bleeding time and coagpihtion time prolonged 
He also refers to a similarly affected family' descnbed 
by Van der Zande® 

A report of considerable interest from an histoncal 
point of v'lew was mentioned by Tonatlian Hutchinson ’® 
in a lecture delivered about fifty years ago His 
description is as follow's 

A school bov was sent to me bj Mr Harrison of Braintree, 
on account of repeated and alarming attacks of epistaxis They 
bad been so profuse and so frequentlj recurrent that he had lost 
much of his color and strength The point, however, which most 
caused anxietj was that his elder brother had died of it In him 
the habilitj had commenced at 13H had persisted for two 
jears and finallv after continuing for four davs it ended in 

4 Buckman T E Atypical Pathologic Hemorrhage m Early Life 
Am J M Sc. 175 307 (March) I92« 

5 Giffin n Z Unuaiial Types of Ilctnorrhacic Diicaie Am J 
M Sc 175 44 Oan ) 1928 

6 Kennedy R- L- J Diseases of Children Benefited by SnlencctomT 
/ ^ ^r A- 91 874 (Sept- 22) 1928 

i Little M D and Ayres M \\ Hemorrhagic Disease J /L 
M A- 01 1251 (Oct- 27) 1928 

8 Rosenthal S The Blood Picture in Purpura T I^b ^ Oin 
Med in 303 (Tan.) 1928 

9 \ an der ^nde, F Pseudohetnorhilta Nedcriandsch, Tijd chr t 
Genecsk J 544 (Feb 10) 1923 cited hr Rojeniha! 

10 Hutchin on lonathan The Pccigrec of Disease New \oTk, 
William Wood and Lo 1S8S pp lOl 102 
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death Their paternal grandfather had suffered much from 
gout, and their father at the age of 22 had had se\ere epistaxis 
[And later he concludes with the following remark ] M 3 own 
experience as to retinitis hemorrhagica, blood patches in the 
conjunctn-a, cerebral hemorrhage epistaxis and other allied 
disorders leads me howeier, to attach very great importance to 
the history of inherited gout as their frequent cause 

REPORT OF CASE 

hax'e had the opportunity to obsen'e an addi¬ 
tional case at the Children’s Hospital in Los Angeles 
A boy, aged 13, had been admitted to the wards on numerous 
occasions during the past nine 3 ears The mother had always 
manifested a tendency toward easy bruising, and one brother 
who died at 3 3 ears of age from a street accident was similarly 
affected and also bled unduly from slight injuries The patient 
w'as first seen at the age of 3^i 3 ears with an infected scrotal 
hematoma resulting from a fall against a chair There was a 
histor 3 of frequent bruises and purpuric eruptions since birth. 
He had pertussis at 1 3 ear and influenza during the epidemic of 
1918 At 5 3 ears of age he had a seiere nosebleed and had 
since suffered from frequent recurrences At 6 years of age 
he had measles with a hemorrhage into the rash, and one 
month later was admitted with a generalized purpuric eruption. 

Examination at this time 
showed large and inflamed tonsils 
enlarged cervical glands, dextro¬ 
cardia, a soft S 3 stohc murmur 
best heard near the midline m the 
fourth right interspace, and a pal¬ 
pable liver edge on the left side. 

There was a moderate secondar 3 
anemia, normal white and differ¬ 
ential counts, a bleeding time of 
SIX and one-half minutes, and a 
coagulation time of six minutes 
A diagnosis was made of situs 
transversus associated with an 
atvpical blood d 3 scrasia 

He remained well after this 
attack until he was years old, 
at which time he had scarlet fever 
complicated b 3 an acute nephritis 
As the nosebleeds became more 
frequent, a tonsillectomy and ade- 
n 9 idectom 3 were advised but 
permission could not be obtained 
At the age of 10 3 ears the patient 
received two emergenc 3 trans¬ 
fusions because of prolonged 
nosebleeds He was given a 
transfusion again at 12 3 ears and this time there were numer¬ 
ous ecchvmotic areas over the entire lx>d 5 in addition to the 
epistaxis and oozing from the gums The blood pressure 
was 116 svstohc and 72 diastolic The urine was normal, and 
the \\ assermann and tuberculin reactions were negative 
Repeated nose and throat examinations did not show an 3 evi¬ 
dence of localized bleeding points, ulcerations or telangiectases 
Bleeding finallv stopped but recurred six weeks later He 
received four transfusions of about ISO cc each before improve¬ 
ment took place Roentgenograms of the long bones showed 
small but regular areas of lessened densit 3 in the lower metaph- 
vsis of the left femur and m the upper portion of the left 
tibia The platelet count on this admission was never lower than 
200 000 per cubic millimeter of blood and on one occasion was 
as high as 322 500 The bleeding time varied from twentj to 
thirtv-five minutes fDuke 5 method from car) while the coagu 
lation time remained between six and eight minutes Determina¬ 
tions of the blood calaum and phosphorus were normal The 
patient was seen at tins time bv Dr Harold K. Faber, who felt 
tliat he presented an unusual tvpe of purpura A.fter studvmg 
the frc'h blood smears it was decided that splcncctomv seemed 
inadvisable because of the presence of such a high proportion of 
platelets Another examination a few months later showed 
224 000 platelets and a bleeding time of tvvent' two and onc- 
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half minutes The coagulation time was three minutes [Lee 
and White) 

The patient was last seen m his home in San Pedro, Dec 28, 
1928 He weighed 83 pounds (38 Kg), having gained about 

10 pounds (4 5 Kg) during the prev lous six months, and had 
an appearance of general phvsical well being w'hich had alwavs 
been lacking at former e.xaminations At this time the tourniquet 
test was negative Coagulation of blood was complete in five 
minutes At room temperature the clot did not show an 3 retrac¬ 
tion after twentv-four hours and only one or two drops of 
serum were evident Another specimen placed in an incubator 
over night showed the clot adherent to the test tube, except at 
one small place near the top but with considerable serum above 

In November a tooth had been ex-tracted, followed fay 
moderate oozing of blood for twm dav s A blood smear made 
shortly afterward revealed the following differential count 
polymorphonuclear neutrophils, 46 per cent, eosinophils, 1, 
basophils, 0 small lymphoevtes, 44, large l 3 ’mphoc 3 tes, 4, and 
monocytes, 5 per cent Additional blood smears made at the 
same time were forwarded to Dr Faber at the Stanford Uni¬ 
versity School of Medicme, who reported that the red and 
white cells were normal in appearance, and tlie platelets very 
abundant Counts of seventeen fields, made by Miss Hadden of 
the department, showed a ratio of one platelet to 12 1 red blood 

cells On the basis of a 5,000 000 
red count the platelets would 
number 413,000 The platelets 
stained well and v'aried consider¬ 
ably in size The great majority 
were within normal limits (from 
2 to 3 6 microns) but a few ab- 
normall 3 large forms were seen, 
one of which was 7 microns m 
diameter 

COMMENT 

A critical analysis of the 
cases mentioned makes a 
proper classification extreme¬ 
ly difficult It IS at once 
apparent that they do not 
correspond to any of the 
well Icnown t 3 ’pes of purpura, 
and that they have much 
in common for one who is 
“seeking similarities and 
not diversities ” The pur¬ 
puric mamfestations associ¬ 
ated with a normal platelet 
count and the heredofamilial 
factor are fairl)' constant observations, whereas a con¬ 
siderable vanation exists m the bleeding and coagula¬ 
tion times, as w ell as in the clot retraction phenomenon 
The confusion is parti} due to the lack of uniform 
laboratory' methods for these determinations and also 
to the fact that a definite v'anation occurred in many 
of the indmdinl cases at subsequent examinations 
The condition must carefull} be differentiated from 
other forms of purpura, particularly from those rare 
cases of familial AA'’erlhof’s disease reported by Hess ’ 
Rosenfcld “ and others, and also from hemophilia and 
familial telangiectasia 

The etiologic mechanism in this form of purpura is 
of course not elearlv understood but Glanzmann" has 
attnbuted it to a functional insufficiency of the plate¬ 
lets The mabilitv of the clot to retract is due, he feels, 
to the absence of a ferment, the so-called retractozv me, 
or its presence in a less active form The isolated 
platelets obtained from one of his patients caused 
coagulation of a platelet-free normal plasma, but clot 

11 Kosmfrfd A \ rdiopatfiic Parpura wjtb (/ousoar Features Arch. 

InL MctL 27 ACS (Apnl) 1921 



Blood uraear with Wright s stain showing normal distribution of 
platelets X 400 
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retraction did not occur A similar experiment is men¬ 
tioned b) Buckman/ who caused coagulation of blood 
from a hemophiliac patient witli a suspension of plate¬ 
lets from another of his patients The blood coagu¬ 
lated m fifteen minutes, nhich corresponded exactly to 
the coagulation time of a normal qmtrol, but no men¬ 
tion is made of clot retraction Too much emphasis 
should not be placed on the abilit) of the clot to retract, 
as this phenomenon is not ahva^s constant in normal 
persons Glanzmann has offered additional ewdence 
based on histologic studies, to support his theory of 
pathologic platelets He has found abnormalities m 
the size of the platelets and also alterations in the pro¬ 
toplasm and granules P}knosis and other signs of 
degeneration were frequentlj encountered Some of 
his conclusions are rather secerelv criticized bv Frank 
in his discussion of pseudohemophihac conditions He 
states that he has seen similar pathologic disturbances in 
other diseases, and feels that some of the changes are 
the result of fault) staining technic The belief that 
these cases are closel) related to essential thrombopema 
and do not form a separate disease entit) is consider¬ 
ably strengthened b) a report of Kromeke He has 
descnbed a grandmother, her three daughters and two 
grandchildren, all with t)’pical purpura hemorrhagica 
but with great differences in the platelet counts The 
grandmother had a definite tlirombopenia (28,000), 
one of her daughters and one grandchild had a mod¬ 
erate reduction of platelets (110,200 and 109,300), 
another daughter and grandchild had normal counts 
(228,000 and 234,000, respectii ely) Tins senes forms 
an important link between essential thrombopema and 
so-called thrombasthenia and points to a common 
etiologic factor which is not a mere numencal reduction 
m the number of arculating platelets 

Ijttle can be said concerning the treatment empIo)ed 
in the ranous cases Blood transfusion has pro\ed of 
great aid in tiding the patient over the serere attacks 
of bleeding Little and A) res felt that roentgen 
irradiation of the Iner and spleen iras of ralue, but 
the ewdence is not conclusne The bleeding from the 
nose greatl) diminished in those patients whose tonsil¬ 
lar tissue was cautenzed or remored Splenectomy is 
probabl) not indicated, although it is far too early to 
attempt to settle this much mooted question It is 
encouraging that most of these patients stand operatic e 
procedures extremeh w ell and that w ith ad\ ancing age 
there is a teiidenc)' toward natural improvement 

925 Pacific Mutual Building—308 Medical Office Budding 

12 Frank E- Die haemorrhagiKhen Diatheae in Schuienhelm s Die 
Krankcnbeitcn dc» Blutes und der BlutbiMcnden Organe Berlin Julius 
Spnnpcr 2 289 1925 

13 Kromeke F Zur Frajre der Iwreditaren haernorrhagiscben Diatheic 
(Tbrombasthenic) DculKhc med Wehnschr 48:1102 (Aug 18) 1922 


Senior Students and Medical Economics—^For o\cr 
t\\ent\ Nears, lu season and out I ba\e adcocated the need o( 
instruction to all senior students of our medical colleges on the 
problems of medical economics and this for two reasons—fir*.! 
m order that the\ maj ser\ c socictc better and, second m order 
that thej maj thcmscKcs prosper economicallj Such a cour-e 
of instruction, m order to scr\c its purpose must fulfil both 
of these requirements Dr Donham ol the Harvard Graduate 
School ot Business Administration evpressed the purpose of tliat 
school in the following terms The school is attempting to 
teach men to work out their own business relations m wacs 
which contribute to social progress ” Medical students need 
such a course of instruction much more than do business e\ecu 
Uses.—Ochsutr, E H Some Medical Economic Fundamentals, 
J Indiana M A , June IS, 1929 
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Desenptne anatomies haNe been the source of the 
mismfomiatton that a theoretically normal body exists 
111 w'hich a definite tvpe and relationship of organs are 
found and dcNuations from which haNe been descnbed 
m footnotes as anomalies or abnormalities Until com¬ 
parative!) recent Nears students have attempted to find 
in the Imng the same topographic relationships as were 
found in the cadaNcr The liodies used as the basis for 
desenptne anatomic studies Nvere usually well 
developed, muscular ones Nihich, in a measure, fitted m 
NNuth the types prcNnousIy descnbed Professors of 
anatomy require clear-cut anatomic material to sen'e 
best for their lectures and illustrations 

The necessit) for recognition of Nanous normal 
tNpes of the genus Homo, each diffenng from the other 
in certain major features, is noiv quite apparent 

Tlie use of the x-riNS m studNing the skeleton, body 
caNuties, Nisccra, positions and orgamc relationships 
has rcNcaled mauN marked dcNiabons from the pre- 
Nioush descnlied anatomically normal Mills' defines 
nature as “an infinite number of Nanations” 

RadioIogN’ has opened up a ncNV cnapter in the 
histoiw of man’s study of man It is gizing us a mass 
of mfonnation, not )et correlated, from which nviH 
finalh be deduced the sjNecifications of certain broad, 
general types of bodies which may be looked on as 
nonnal This is important Lack of appreciation of 
the diflferences that exist betNveen these normal groups 
of physiques is the basis for numerous grotesque 
therapeutic measures that hahitualh fail 

In 1917, Mills' submitted a classification of bod) 
tN-pes whicli may \nth proht be kept m mind when 
dealing clinically with aberrations m posture, visceral 
position and tone Ninth their attendant tram of S)'mp- 
toms 

As dominant tNjXis Mills describes the hypersthenic 
group, charactenzed b) a large bod) short thorax, long 
abdomen, extensne breadth of chest and upper part 
of the alxiomen, Ninth a relatively small pelvis Nvell 
padded Niitli fat, and the asthenic group characterized 
b) fnuitN of build, long narrow shalloNV thorax, Nvith 
a short, thui nbdomcn and relatively N\nde and capacious 
pchns 

To the h) persthenic nnd asthenic groups, Mills added 
the sthenic and Iniiosthemc subduisions In each of 
these there is n fairly constant relationsinp between the 
bod) habitus nnd the Nisceral form, jjosition, tone and 
motiliti A thorax or abdomen with definite Imntntions 
can, of iiecc'isitN Iiousc organs oiil\ of certain form 

Pathologic conditions ma\ result m gross abnormality 
in the fonu nnd position of Nisccra, and lesser degrees 
of pathologic conditions ma) result in commensurabh 
smaller \anations m Nisceral toiiograph) Unless 
some standard of Nalues is recognized ii is impossible 
to determine the abnormal Before assuming such a 
condition as Nisceroplosis, it is olnioiisl) necessari to 
stud) large numbers of subjects, this is licing earned 
on in scNtnl clinics at the present time Meanwhile, 
in the pursuit of this in formation numerous suggestiNc 
features Mand out The stomach of the h\"persthcmc 
and stlicniL person is found fluoroscopical!) to he nncH 


an/i* T Bwiny to \ iscrral Form Tiniii 

and Motiho Am J Kocnlccnol Di 155 (April) 1917 
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up under the nbs, in fact, all of the organs are high, 
whereas in the h^posthenic and asthenic types the 
viscera are in lower position and ma) be found in the 
upper pelvis 

The tone and motihtv of tlie former are always 
greater than in the latter groups 

The diagnosis of a prolapsed organ cannot be made 
with any degree of accurac> before the tsTie of bodj 
habitus IS considered Thus in a hypersthemc person, 
a hypotonic and dilated stomach \vith the lowermost 
point of the greater cun-ature located in tlie upper pel¬ 
vis may be designated as a stomach below par for that 
individual and likely to contnbute its share in the pro¬ 
duction of dyspepsia Studies of the asthemc type 
confirm the behef that only with an evtreme degree of 
atonv and the greater curvature deep m the pelvis is a 
diagnosis of elongated stomach permissible With 
these basic rules of diagnosis in mind, and admitted to 
be only arbitrar) a further and laluable diagnostic 
procedure, fool-proof m a waj, is the therapeutic 
test 

In a giien individual, tlie abdominal organs are 
maintained in position b} 

1 Mesenteric and ligamentous attachments 

2 Intra-abdominal fat. 

3 Intra-abdominal pressure 

4 Tonus of the ioIuntar> and involuntary musculatures 

5 The shape of the abdominal cant} 

1 The fundamental importance of the mesentery is 
rarely emphasized Through it pass the nerves, blood 
vessels and l>mph vessels to the gastro-intestinal tract 
The mesenters" probabh plays only an inferior role 
in bearing tlie direct weight of the bowel but, on tension, 
reflex stimulation of the efferent nerves produces an 
increase in the tomcity of the eKtemal abdominal 
musculature, which assists m retaining the mtegnty of 
the visceral positions Fixed points of the gastro¬ 
intestinal tract exist at the diaphragm, second portion 
of the duodenum, and tlie ascending and descending 
colon by ligamentous and mesentenc attachments 
Incomplete development, usually of the nght colonic 
fusion, mav faalitate excessive mobility Abnormal 
bands or adhesions due, in some instances, to over 
development maj cause stasis with subsequent disten¬ 
tion of the large bowel 

2 Intra-abdominal fat acts as a cushion for the 
vascera, reinforces the mesentervq and effectively pro¬ 
tects the mesenteric vessels, it accentuates the lumbar 
anterior curve of the spine and, by generous deposits 
m the pelvns, diminishes the capacity of the lower jxir- 
tion of the abdomen If the fatty tissue is absorbed 
and the patient loses weight, a general sagging of all 
the abdominal viscera takes place 

3 The intra-abdominal pressure maj be conceived as 
a negative force existing between a recoiling tube 
within an osseomuscular chamber It maj be 
influenced bv 

(a) the size of the tube, regulated b} its penstalsis, 
muscular tone and contents, 

(b) the tonicitj of abdominal musculature, and 

(r) probabl} also b) the intestinal gases as well as 

bv the atmospheric pressure 

4 Tonus of the vohintarv and mvoluntar) muscles is 
important to optimal function of the v iscera Relaxation 
of the external muscles leads to a general sagging of 
the abdominal organs On stimulation of the paanian 
corpuscles, nerve end-organs in the mesenterv, b> 
increase in tension on the mesenterv, a reflex is set up— 


the muscular mesentenc reflex—which causes the 
external voluntarj muscles to contract and thereby 
relieve the tension on the mesenterj, a condition pro¬ 
duced by clianging from the prone to the upnght 
posture Loss of tone of the involuntary musculature 
of the bowel from^stasis, debilitating diseases, preg¬ 
nancy or fatigue accounts for the elongation of the 
gastne outline and dilated large bowel seen fluoroscop- 
ically 

5 The shape of the abdominal cavity determines the 
limits of the vanous vnsceral posihons In the h 3 per- 
sthenic body type the upper part of the abdomen is 
capaaous and the diaphragm is high, the lumbar v er- 
tebral prominence is marked and the pelvis is relativel) 
small The asthenic body type has a cramped upper 
portion of the abdomen with less prominence of the 
lumbar vertebra, and tlie pelvis is large The axis of 
the upper part of the abdomen, in the hypersthenic 
type, forms approximately a right angle with the axis 
of the pelvis In the asthenic type this angle is obtuse 
It IS, therefore, obvious that the limitations of the 
body cavity must be kept m mind when visceral 
locations are considered abnormal 

Ptosis of one or more abdominal viscera is a common 
finding in clinical experience Three classes of patients 
exist (1) those with ptosis and no symptoms, (2) 
tliose with ptosis in which symptoms are caus^ by 
another condition, and (3) those with ptosis and 
symptoms due to ptosis Textbooks have described the 
hereditary and acquired cases, the former being an 
asthenic habitus, the latter following prolonged disease, 
pregnancy or inanition 

In 100 cases now under observation in the Lankenau 
Medical Clinic, twenty-seven were classed as con- 
gemtal and seventy-three as acquired cases of ptosis 

The organs involved were stomach 91 per cent, 
transverse colon 88 per cent, right kidney 3 per cent, 
left kidney 1 per cent, and liver 2 per cent of the 100 
cases The age madence is given in the accompanying 
table 


Incidence in a Senes of One Hundred Cases 


\ cars 

^urabc^of Cases 

From 10 to 20 

4 

From 20 to 30 

32 

From 30 to 40 

36 

From 40 to 50 

24 

From 50 to 60 

20 

60 

4 


Thirty-two males and sixty-eight females were 
studied The complaints of these patients refer prin¬ 
cipally to the gastrointestinal tract The majority had 
been previously diagnosed as “neurasthenic ” Con¬ 
sideration of the ptosis did not come up until all of 
the usual “s} mptomatic” and “empinc” therapeutic 
measures had failed to relieve Forty-six patients bore 
operative scars previous to our study 

Examination revealed that 69 per cent were under- 
nourishea and 15 per cent were overweight, forty cases 
showed an eiylhrocvte count below four million, 
twent)-tvvo cases exhibited hypotension and in twelve 
the blood pressure vv as elevated, sixtj -tvv o cases showed 
hypo-aadity and eighteen cases hyperaciditv of the 
gastric secretion as found by the two-hour fractional 
meal 

Eighty-three patients complained of constipation and 
in all of these the colon was found, fluoroscopicallj, to 
be deep m the pelvis A mobile ceaim was noted in 
eight}-two cases 
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The gastric wall was hypotonic in thirty-three and 
hypertonic in five cases Enlargement of the thyroid 
gland existed in nineteen patients, and eight showed 
evidence of arthntic changes 

It IS not our thesis to prove that visceroptosis is the 
underlying cause of these multitudinous conditions 
Ptosis IS not a disease, but it may result from a debilitat¬ 
ing illness In certain ca^es it may be regarded as an 
index of the functional ability of the gastro-mtestinal 
tract It is not to be denied that patients are seen who 
possess a marked prolapse of the stomach, transverse 
colon or right kidney, but whose complaints are not 
directly related to those organs It is our belief that the 
best therapeutic result will be obtained only if the 
physiaan in charge ivill attempt to return these viscera 
to their best funcbonal position, at the same time that 
the pnnapal lesion, infection or intoxication is being 
eradicated Too often the ptosis is disregarded The 
patient becomes a chronic complamer, or has been one 
for an extended period of time 

Five years ago a middle aged, unmarried, tall, well 
built, muscular woman walked into the Lankenau 
Hospital and applied for relief from sick headaches, 
indigestion, gaseous eructations, consbpation and faint¬ 
ing speUs from which she had occasionally collapsed 
Her further statements revealed that she had made the 
rounds, so to speak, of doctors’ offices and tried num¬ 
berless remedies without relief, the symptoms mean¬ 
while becoming more severe Exammabon of the 
pabent revealed a moderately relaxed abdominal wall, 
not at all of an advanced degree Fluoroscopically the 
stomach showed an atonic wall wnth the lower border 
of the greater curvature 3 cm below the level of the 
anterior superior spine, and the transverse colon lay in 
the pelvis At the bme no attenbon was directed to 
the verbcal elongabon and relaxabon of the gastnc 
wall or the malposition of the colon Numerous tomes, 
sedatiies and injections were tried, all ivithout avail 
The patient conbnued to have mdigesbon and weak 
spells Complete reorganization of the treatment was 
indicabve On surveying the observabons made of the 
case once more it was decided to applj an abdominal 
suppiort, order abdominal massage ivith ele\abon of the 
foot of tlie bed, and the pabent was given a special 
diet and requested to he down for approximately forty- 
five minutes after each meal Promptly on insbtubon 
of this regimen the symptoms disappeared and within 
two months the pabent was in better health and spints 
than at any bme during the preceding three years 
I cite this case as an example of a large group of 
persons suffering from a funcbonal disturbance of the 
gastro-intestinal tract which is characterized by atony 
and lengthemng of the gastnc wall ivith or without 
coloptosis The case is stated in such terms because 
relief of symptoms is unlikely to result if the stomach 
and colon are not retained m a position compatible wath 
their opbmal function 

Much has been wntten pro and con concerning down¬ 
ward displacement of the vanous abdominal \iscera 
It IS generallv accepted that a so-called ansceroptotic 
habitus or “maladie consbtubonelle” exists In our 
expenence, numerous patients in whom an elongated 
stomach or droppied colon exists would not ordinanlj 
be placed in such a category 

A certain confusion and uncertamt\ appears to exist 
with regard to desenptne terms used in reference to the 
condibon at hand Ptosis indicates prolapse or down¬ 
ward displacement of an organ, the Iner, kndnejs, 
spleen, transrerse colon or stomach ma} one or all be 


fallen There is an important point of difference 
regarding the stomach compared w'lth the other viscera 
Except for the colon, the other organs are solid The 
stomach is a muscular tube capable of distention or con- 
tracbon Gastroptosis, as such, is rarely if eier pres¬ 
ent, that is to say, this distensible tube is permanently 
fixed at two pioints, namel}, at the cardia, where it is 
maintained b}' ligaments and the diaphragm, and at the 
fixed second part of the duodenum Gastroptosis is, 
in truth, a sagging of the antrum and pjdorus, w'hich, 
in extreme cases, ma}' extend dowmward into the pehis 
At the same bme there is hj'potoniaty of the muscular 
gastnc wall, as readily seen fluoroscopicall}' This 
diminutton of tone is, to mp' mind, important in the 
produebon of srmptoms 

DIAGNOSIS 

Ptosis of one or more abdominal nscera is easy to 
diagnose The outstanding e\ ent in the history appears 
to be the failure of all therapeubc measures prenously 
tned and the number of bmes the patient has been 
pronounced “nenous” Not infrequently, operabve 
scars are found Prolapse of viscera may occur in 
the sthenic or hypersthenic habitus, but more fre¬ 
quently IS found in pabents wnth the charactensbc 
hjqiosthemc or asthenic consbtubon 

TREATMENT 

Treatment should be directed tow^ard eradicabon of 
all foa of infecbon, return of the prolapsed organs to 
their opbmal functioning locabon, and a general toning 
up of the enbre body musculature 

Elimination through the bowels, kndneys, skin and 
lungs IS indicated 

Rest IS essenbal In the upnght posture, tension 
on the mesenteiy' occurs m these patients This is 
relieved on lying down, therefore, it is prudent to 
adrnse rest following each meal 
At no bme should the stomach be required to enter¬ 
tain a large meal Accordingly, four, five or even six 
feedings, each small in amount, are found to faalitate 
digesbon and are always more knndly recened Fluids 
are taken only between meals 

Massage of the abdominal muscles w'lth daily exer¬ 
cises to strengthen them is important in retoning the 
pabent 

Medianes play a minor role in treatment An 
irritable pylorus is relaxed by small quantities of bella¬ 
donna, a sensitne gastnc mucosa is allayed by the 
alkahs, malt and cod Iner oil contnbute splendidly to 
upbuilding, and the sedabves of bromide and pheno- 
barbital quiet injured nerves 

Abdominal supports are useful and often uncom¬ 
fortable The majonty of belts have been found to 
be totally incompetent The proper support should 
be fairly comfortable and at the same time lift the 
prolapsed vascus to its proper position It must be 
easily applied In our experience tlie Page support, 
consisbng of a firm oval leather pad held over the 
pubic region by a curved rod passing posteriorly over 
each ihac crest and connected to a back-brace consisting 
of two short vertical rods, has proved satisfactory It 
IS wise to check up the position of the stomach and 
transverse colon at frequent intcrv'als, following barium 
ingesbon with the belt in position Minor adjustments 
are often necessarv As soon as the tone of the 
voluntary and involuntary musailaturc is suffiaently 
improved, the stiff belt should make wav for an elastic 
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and inconsequential binder so that there may be no 
pressure atropln from the Page support 
In approximately 5 per cent of patients, adhesions 
bind the viscera in their malposition so that operation 
must be considered Likewise, incomplete fusion of the 
right colon ivith subsequent gross prolapse may finally 
warrant surgical intenention It might be wise to 
emphasize that nsceroptosis should ahvais be con¬ 
sidered before, and not after, surgical measures 
In our senes of 100 patients, eightj-tw'O improved 
under treatment Of the remaining eighteen patients, 
two were afflicted with pulmonary tuberculosis, four 
with heart disease, three with nephritis, and one with 
th 3 roid disease, fite had some form of pelvic disorder 
This investigation and sunev was considered advis¬ 
able for the reason that visceroptosis is commonlv 
found and many phjsiaans maintain that it is of no 
clinical significance I believe that the therapeutic test 
disproves this assumppon I would recommend a 
reexamination of everj paPent looked on as a chronic 
complainer, in whose behalf the diagnosis of some 
fonn of ptosis had not hitherto been considered 
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The question of minimal and opPmal protein require¬ 
ments has received considerable research attenPon in 
recent jears There is now verj' little disagreement 
among students of nutrition as to w'hat these require¬ 
ments are On the effects of a high protein dietarj, 
however, not onl} do opinions of authonPes differ 
but the results of carefull)" controlled expenments show 
considerable variance It is a tradiPonal belie! that a 
high protein intake leads to high blood pressure, 
arteriosclerosis or nephnPs Among physicians it has 
almost become a dietetic dogma to reduce or eliminate 
enprelv the intake of meat whenever diets are pre- 
scnhed Unless proper interpretaPon is given to certain 
present-dav investigations on protein metabolism, 
including the results of the experiment reviewed in this 
paper there is danger that the dietetic pendulum will 
swing too far m the opposite direcPon 

The Eskumos hav e In ed on a high protein dietary as 
far back as records go Thomas, who recently made 
a careful studv of their health status, found v^ery^ little 
evndcnce to indicate tint hy pertension or nephntis was 
more prevalent among Eskimos than aniOiig low protein 
feeders Sev cral v cars ago it vv as my pnv ilegc to make 
an exhiustne clinical sunev of \ ilhjalmur Stefansson, 
the arctic explorer who had lived for seven vears on 
an exclusive meat diet The result of this study 
indicated that such a dietarv had left no phvsical or 
chnicnllv proved stigmas, and that while Stefansson 
was Imng on nothing but meat and fish (including fat) 
his he ilth was at its maximum 
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Tile data presented quite naturally gav’C a jolt to our 
accepted ideas of protein metabolism Some of the 
critics maintained that the arctic cold was responsible 
for this high protein and fat tolerance, others that it 
was due to vngorous cxerase in the open air As a 
matter of fact, summer heat comparable to our owm 
was expenenced for a part of each year m tlie arctic 
circle and, since practically a tropical temperature exists 
m the houses and beneath the fur clothing, this 
explanation was untenable Exerase likewise was not 
a factor, since the exclusiv'e meat diet worked just as 
well during months of sedentary existence 
In order to answer some of the queries which 
Stefansson’s expenence provoked and to throw addi¬ 
tional light light on the effects of an exclusive meat 
diet, Stefansson and Andersen (who spent three years 
with him in the arctic) consented to go on an exclusive 
meat diet for a year and to be intensively' studied from 
ev'ery clinical angle 

The studies which this paper capitulates have just 
been completed klonographs ^ detailing the results of 
these investigations, including basal metabolism, chem¬ 
ical analysis of the blood and urine and fecal bac- 
tenologv, arc appeanng under the names of the 
respectiv'e investigators 

DETAILS OF INVESTIGATION 
This research extended over a fienod of tvveh’e con¬ 
secutive months and was divid^ m point of time, 
location and experimental subjects as follows 

1 Stefansson —The studies on Stefansson at the Russell 
Sage Institute of Pathology at Bellevue started, Feb 13, 1928 
From that date to February 26 he came to the hospital for all 
meals but he did not stay at the hospital continuously until 
February 26 After the completion of preliminary studies he 
was placed on an exclusive meat diet on February 28, and for 
two montlis intensive metabolic and faboratory studies were 
made on him Then, for a period of ten months he was at large 
attending to his affairs but reported once each month for clinical 
and laboratory check ups The concluding meat diet studies 
lasted one week. Dietarj control was supervised in his home 
and he reported to the hospital for metabolism and blood studies 
He w'as under observation for two weeks following the com 
pletion of the meat diet Hts meat diet experiment ended Jfarcli 
8, 1929 

Dietary Notes —After preliminary studies on a mixed diet 
Stefansson was put on an exclusive lean meat diet for the pur¬ 
pose of studvnng the effects of an excessivelv high protein 
minimal fat dietarv Stefansson predicted tliat he would be ill 
in a few da)3, judging bj his past experience in the arctic, and 
such proved to be the case. Although this experiment was 
planned for but four dajs, m the evening of the second daj he 
became nauseated and developed some of the discomfort, 
lethargy and weakness of the Imees which he experienced on an 
enforced lean meat diet in the Nortli. The ne.xt day all the 
sjmptoms became intensified and diarrhea developed This part 
of the e.xpenment was of course, stopped and b) adding fat in 
tasteful quantities he fully recovered within two dajs He lost 


1 Two short articles on the metabolic results hate already been pub- 
Ifsbcd ylcClellan W' S Spencer, H J Falk E. A and Du Hols 

E F Clmical Calorimetry XLIIt A Companvm ot the Thresholds 
of Ketosis in Diabetes Endepsy and Obesity, J Biol Chem SO:Oi9 
(Dee) 1938 VIcCIcllan Vv S and Toscani Vincent Clinical Calorim 
ctry XLIV" Chances in the Rate of Excretion of Acetone Bodies 
Dunne the Twenty Four Hours, ibid 80 1 652 (Dec.) I93S Lieb C, W 
and Tolstoi Edward Effects of an Eiclusnc Vleat Diet on Chemical Con 
stituents of the Blood Proc. Soe Exper Biol A Vied. 20 324 325, 1929 
TTie followiuff arUcles arc in the course of preparation VlcOellan VV b 
and Rupp V' R Note on the Efficiency of Absonnion from he Intes 
tinal Tract with Meat Diets Rupp V R Toscani Vincent, and 

NIc(ilellan VV S Xitropen Calcium and Fhospliorns Jlalaiiccs of Two 
VIcn on an All VIcal Diet Rupp V K Analyses of Vleat Nitrocen 
Fat Calcium and Phosphorus The reports of the basal metabolism of 
the specthc dynamic action of too-Is ndl be made by Drs McClellan 
Spencer and Falk Certain phases of the Mood chemistry and the response 
to the injection of dertrose will be published by Dr Ednanl Tolsloi Dr 
John C Torrey and Dr C VV lief, will report on the studies of the 
intestinal ffora 
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2 Kg in the first ten dajs FolIoiMng the acute enteritis just 
described he der'eloped a stubborn constipation coincident with 
a craving for special foods, particularly calves' brains (10 per 
cent ether soluble substance) and bacon. He ate heartily of this 
combination for several meals but this overcompensatorj diet 
resulted in two davs of nausea and severe diarrhea Bj adjust¬ 
ment of the lean fat ratio a normal gastro-mtestinal state 
returned, and no other diet complications developed during the 
j ear s expenment 

2 Anoersex —Prehinmarj studies were made on Andersen 
from Jan 6, 1928, when he entered the hospital up to Janu¬ 
ary 25 He then left the hospital for eight months, reportmg at 
monthlj interv'als for clinical and laboratorj survevs Con¬ 
cluding meat diet observations lasted three weeks in the hos¬ 
pital and he was under observ'ation for two months following 
the conclusion of the meat regimen 

Dictar\ Azoles —^Andersen did not suffer such digestive upsets 
as Stefansson, mainlj because no all-lean meat (high protein) 
observ'ations were made on him Andersen lost weight steadilj 
while on the mixed diet from the day he entered the hospital 
(60 Kg) and continued to lose dunng the first vveek he was on 
the exclusive meat diet (57 8 Kg) He then began to gain 
weight steadilj and within sixtj days after the start of the 
experiment his weight w'as 60 5 Kg, thus exceeding his initial 
weight bj 0 5 Kg His weight fluctuated slightlj during the 
intcrhospitalization period, being 58.4 Kg at the beginning of 
the concluding calorimetric studies Andersen ended his con¬ 
tinuous meat diet, Jan 24, 1929 From then to January 31, 
inclusive, he was placed on a high fat diet with moderate 
protein From February 1 to February 7 inclusive he w'as on 
the same diet plus 35 Gm. of carbohjdrate in the form of thnee 
cooked cabbage From February 8 to February 14 he was on 
the regular exclusive meat diet Dunng these periods he was 
studied intensiv elj from the clinical, laboratory and calonmetnc 
standpoint 

Februaty 13, he developed a slight cold He had a dextrose 
tolerance test on Februaty IS after which he was supposed to 
go on his general mixed diet In the evening of this day he 
developed a chill with rise of temperature The next day he 
developed signs of a lobar pneumonia of the right lower lobe 
with a temperature of 104 F and a rustj sputum This proved 
to be tj-pe II pneumonia Dr Felton’s concentrated polj'valent 
pneumonia serum was then intensively given with an immediate 
drop in temperature, which readied normal within a few dajs 
Andersen made an uneventful convalescence Aside from signs 
of acute intoxication on the fourth day of the disease he showed 
verj little of the toxic sjmptoms of other patients in the hospital 
at this time with tjpe II infections While Andersen was in 
the hospital there were manv cases of type II pneumonia in the 
wards and his was possiblj a case of cross infection When one 
considers that approximatelj 50 per cent of these patients died 
it IS noteworth} that he survived It maj be of interest to 
know that Andersen during his seven jears residence in 
Florida, has had a low resistance to head colds, havnng a suc¬ 
cession of tliem each winter He had onlj one cold during the 
past jear and that was caught durmg an epidemic of gnp in 
the hospital seventj dajs after he started on the meat diet. He 
had a veo mild attack and onlj through the insistence of his 
phj-sician did he go to bed, where he remained but two dajs 
His phvsician caught the grip at the same time and was con 
fined to bed ten davs with a verv severe attack Though this 
clinical incident does not prove anjthing, it is at least an intcr- 
c^tlng fact that, in two subjects contracting grip at the same 
time and apparentlj from the same source the resistance of the 
one on the exclusive meat diet should apparentlv exceed that 
of the subject on the mixed diet 

Stefansson, while traveling through the Middle West 
this winter contracted a verv mild and short attack of 
gnp in a coinmnnitv where the grip was verj severe 
and the inortalitv great Of like interest in connection 
with the subject of resistance and diet is the expeneiice 
ot Stefansson dunng his explorations in the Far 
North Having contracted a severe case of tvphoid in 
the arctic m a region remote from medical help and 


where he was forced by circumstances to eat nothing 
but canned food, his case was given up as practically 
hopeless Stefansson, however, vvlule m the third week 
of his typhoid, demanded that he be taken bj sleigh 
to a hospital 140 miles distant En route he ate nothing 
but raw fish He reached the hospital m two weeks 
fulh recovered from his tv'phoid and with a gam of 20 
pounds (9 Kg ) m weight 

These citations are not made for the purpose of 
proving the resistance-promoting ments of an exclusiv e 
meat diet but merel} as interesting clinical observ'ations 
in a field of knowledge demanding exhaustiv'e research 
and a judicious appraisal of facts and theories 

CLINICAL SUVrVIARY 

]Veight —Stefansson lost 2 5 Kg during his vear on 
the exclusive meat diet Some of this loss he considered 
excessive weight Andersen lost 3 Kg up to his attack 
of pneumonia 

Caloric Intake —Stefansson averaged about 2,650 
calories a da}', 2 100 calones consisting of fat and 550 
of protein Andersen averaged about 2,620 calones a 
day, 2,110 calones consisting of fat and 510 of protein 
Carbohydrate m the meat Varied between 20 and 50 
calones a day 

Blood Pressure —Stefansson maintained a blood 
pressure of 105 systolic and 70 diastolic during the 
entire course of his diet Andersen’s blood pressure 
was 140 sjstolic and 80 diastolic at the beginning of 
the diet and 120 systolic and 80 diastolic on the com¬ 
pletion of the year’s diet 

Vitality —In neither subject was there a decrease m 
physical v-igor Both led sedentar}' lives throughout 
the expenment No subjectiv'e nor objective signs or 
symptoms of a decrease in physical vigor was observ'ed 
The same holds true of their mental vygor 

Heat Tolerance —Andersen affirms that he endured 
last summer’s heat, if an}'thing, better than during 
former }ears 

Appearance —Both men appeared ruddier at the end 
of the experiment than at the beginning 

Hair —Andersen noted that his hair stopped falling 
out shortl} after the meat diet was started md that 
the progressive loss has been checked up to date 

Teeth —In neither case has there been an} deteriora¬ 
tion of the teeth The dentist who has witched these 
two subjects throughout the expenment noted a greativ 
increased deposition of tartar on Stefansson s teeth 
while on the meat diet than fonnerh This is interest¬ 
ing in view of the low calaum content of meat There 
was also a notable absence of p}orrhea in both sub¬ 
jects 

Bow'f/y—Andersen’s bowels have remained nonnal 
throughout the diet regimen and required practicallv 
no catharsis Stefansson' who has had a tendenev to 
constipation while livmg m civih/ed communities 
found no increase m this tendenc} while on the meat 
diet An interesting point m this connection is tint 
m both these men the stools were nonodorous and 
there was no evadence of gaseous distention or flatus 
at an} time The stools were somewhat below average 
size and usuallv formed 

Pulse, Temperature and Sleep —There was no varia¬ 
tion from the normal and usual 

COVIVIEXT ox DIPT 

Of interest in this dietar} regimen was the apparent 
absence of monotonv the subjects rarelv craved for 
other food than meat products \\ hat little calaum 
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they had was obtained from eating the ends of nbs and 
gristle, averaging about 0 1 Gm a da> The average 
water which thej drank contained 001 Gm of calcium 
per liter Most of the meat eaten vas cold storage 
meat For a penod of tno months in the early part 
of their regimen the) had freshly killed meat During 
the remainder of the experiment their meat was ordi- 
nar)% refrigerated, butchers' meat The meat was 
usualh boiled or stewed, the inside being left rare Raw 
bone marrow nas eaten as dessert at times early in 
the expenment but ne\er during the last six months 
of It \ ery^ little salt i\ as added to the food by Ander¬ 
sen No eggs were taken by Andersen dunng the year 
Stefansson sometimes used them on journeys when 
meat nas not available Neither milk nor its products 
were used Coffee and black tea and water were the 
sole bererages and, of course, unsweetened About 
1,500 to 1,800 cc of fluid was consumed a day 
Usually four meals were taken by Stefansson but three 
by Andersen each day The food was always relished 
and complete sabety resulted after eating No head¬ 
aches or digestive svmptorns, other than those noted as 
the result of eadng lean meat, were expenenced Both 
these men were ideal expenmental subjects and saence 
ow es much to them for their whole-hearted cooperabon 
m enduring so pabently' the numerous annoyances 
incident to the complicated and frequent tests made on 
them They were psvchologicaliy fit for the experi¬ 
ment since, hatnng had years of experience m living on 
this diet, they had no mental hazards as to its course 
or outcome 

The diets on which these two expenmental subjects 
have been for the past y’ear have not been particularly 
high protein diets, being but iJO or 40 per cent above the 
average protein intake Tiieir protein intake amounted 
to between 100 and 140 Gm a day The remaining 
calones were denied from fat which ivas equal to 
about three fourths or four fifths of their calonc 
intake Andersen showed little evidence of an adapta¬ 
tion to the utilizabon of the higher percentages of fat 
Stefansson appeared to dei elop an increased ublizabon 
to the high percentages of fat The highest ketosis 
noted was in Andersen the subject who weighed least 
Stefansson, who is a better nourished type, tolerated 
the fat better than Andersen 

MISCELLAXEOUS DATA 

Mctabohsw —The basal metabolism of these subjects 
showed a uniform lanabon between minus 10 and 
minus 20 per cent by the Aub-Du Bois standards 
There was a slight nse m metabolic rate of 5 per cent 
dunng the first month It is therefore noted that meat 
diets do not produce any stnking ele\abon of metab¬ 
olism 

]Veights —Andersen w eighed 60 Kg at the start At 
the end of one month he weighed 58 5 Kg , at the end 
of the second month he weighed 60 5 Kg , at the end of 
tlie 1 ear’s meat diet, 58 Kg , after recoiery from pneu¬ 
monia 57 Kg and at this wnting three weeks after 
recoNcn from pneumonia, he has regained his onginal 

w eight _ , . 

Stefansson’s onginal weight was 72 a Kg At the end 
of the first month it wns 68 Kg , at the end of tlie second 
month It was 69 and at the end of the rear's meat diet 
6b 4 Kg From Apnl, 1928 to iMarch, 1929, there was 
no change in weight Stefansson s concluding weight 
after the calonmeter studies had been completed was 
69 7 Kg 


Effects on Kidneys —1 No albumin, casts or blood 
was found at any time dunng the course of the expen¬ 
ment 

2 A red test on Andersen show^ed 55 per cent 
excretion at the begnming of the experiment, 62 per 
cent after recovery from pneumonia after completion of 
a year’s meat diet (The red test was not earned out 
on Stefansson ) 

3 Urea clearance show^ed 100 per cent plus 

These tests would indicate an abihti on the part of 

the kidneys to hyperfunction wdule on a meat diet 

4 Roentgen examinabon of the kndneys before and 
at the conclusion of the meat diet did not show any 
change m size 

Mineral Metabolism —As Aub’s work indicated that 
an acid diet increases calcium excretion and calaiim 
drainage, one would suspect that subjects on a meat 
diet, which is an acid diet and is likewise low in calcium, 
w'ould m a year show a calcium deficiency The 
increased amount of tartar on Stefansson’s teeth and 
the lack of endence of low ered blood calcium offers an 
interesting field for speculation There was no 
decreased densitv m roentgenograms of the hands at the 
end of the expenment when compared with the hand 
of a man on a general diet 

Chemical Analysts of the Blood —The chemical 
composition of the blood w'as little affected except for 
a slight increase in unc acid and a temporary lipemia 
The latter occurred only after unusual amounts of fat 
were taken Nonprotein nitrogen, urea, unc aad, 
creatinine, sodium chloride, sugar, carbon dioxide 
combining power, senim calaum, plasma protein 
albuimn (plasma), globulins, total protein (plasma) 
albumin globulin ratio, and cholesterol were studied 
before the meat diet and after an exclusive meat diet for 
twelve months, and no noteworthy changes were dis¬ 
covered Of interest was the fact that the dextrose 
tolerance test, consisting of the ingestion of 100 Gm 
of dextrose, deieloped in Andersen a typical diabetic 
curve resulting in the spilling of sugar for the two 
following days 

Observations on Intestinal Flora (by Dr John C 
Torrey' )—No blood appeared in the fecal specimens 
and rarely any mucus, the latter occunng once in the 
case of Andersen and twice in that of Stefansson The 
stool reactions were generally definitely aad—betw'cen 
/>H 6 0 and 6 8—wuth an inoffensive, slightly acid odor 

The w'hole meat diet in both subjects caused a 
simplification of the intestinal flora with a marked 
reduction both in types and in total numbers of bactern 
The aadophilus, enterococcus and streptococcus tipes 
were practically eliminated The B coh group increased 
greatly numerically at first but later decreased and for 
a time in one subject (Andersen) were largely replaced 
by B proieus Hemolytic B eoli increased in both 
dunng the first one to three weeks, then disappeared 
No increase in virulence of colon strains occurred 
B xvelchii at the start was present m both subjects in 
higher counts than usual for normals, and during the 
first penod a great increase occurred Later the count 
fluctuated but was generally' high There were aery 
few putrefactue spore-bearing anaerobes at any time 
The diet did not appear to introduce them or encourage 
their grow th 

This meat diet did not cause the deielopmcnt of a 
putrcfactne flora in Stefansson and in Andersen only 
so far as the hte apjxarance of B proteus (noted first 
after about one ecar on the diet) 
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NEPHROSIS A CRITIQUE* 

HENRY A CHRISTIAN, MD 

BOSTON 

T\vert}-four years ago Fnednch Muller^ suggested 
the word “nephrosis” as a term for renal degenerative 
changes m contrast to “nephritis,” which he limited to 
inflammatory and proliferative lesions of the kidney 
Since then there has been an actne discussion among 
pathologists as to how far degenerative lesions should 
be regarded as part of the inflammatory process, defin¬ 
ing inflammation as the reaction of tissues to injury of 
\arious sorts, chemical, ph}'sical and bacterial This 
discussion continues, and some pathologists use 
“nephntis” to include various renal lesions in very 
large measure, if not entirely, degenerative in character, 
while others, at present the larger group, distinguish 
between nephritis and nephrosis as did Fnednch 
jMuller, and some even speak of such lanous forms 
of nephrosis as simple nephrosis, febnle nephrosis, 
necrotic or necrotizing nephrosis, sublimate nephrosis, 
barbital nephrosis, arsphenamine nephrosis, fat nephro¬ 
sis, lipemic nephrosis, hpoid nephrosis, syphilitic 
nephrosis, nephrosis of pregnancy, amyloid nephrosis, 
diabetic nephrosis, cholemic nephrosis and hemoglobin 
nephrosis The use of the term nephrosis to indicate 
degeneratn e renal lesions seems to hai e plaj ed a useful 
part in pathology as a descriptive term, but just the 
best way to fit it into the concept of Bright’s disease or 
chronic neplirihs (there is no other satisfactory term if 
“nephrosis” is accepted, unless one sajs “nephritis and 
nephrosis”) remains undeaded, though it is recognized 
that there are renal lesions essentially degenerative in 
nature, entirely different from what is seen in glomer¬ 
ular or other types of nephritis or as a result of various 
known poisons and toxins It is this sort of a lesion 
tliat the pathologist finds usually associated with what 
many chniaans call nephrosis 

Beginmng about a decade and a half ago there has 
been an increasing utilization of the word “nephrosis” 
for a condition presented by a well defined clinical 
group of patients, and to this term haie been added 
various modifjnng adjectives, such as true, genuine, 
hpoid and chronic This form of nephrosis is 
descnbed as hanng the following important features 
insidious onset, marked edema, decreased basal metab¬ 
olism, oliguria, marked albuminuna, decreased blood 
proteins with relative increase in globulin reversing 
the usual albumin globulin ratio, hpoidemia (hj’per- 
cholesteremia), good phenolsulphonphthalem excretion, 
no increase in nonprotein nitrogen of blood, cjhndruna 
but no hematuna, doubly refracble hpoid droplets in 
urine, and normal blood pressure Our present 
know ledge of this clinical s} ndrome is largely the result 
of the work of ]\Iunk,= Volhard,^ Fahr,^ Epstein,-’ 

* Read before the Assocution of Amcrian Phj sicians Atlantic Citj 
K J Alaj 7 1929 

1 Muller Fnednch Verhandl d deutsch path Gesell ch Mcran 
1905 

2 Munk F Ztschr f Uin Med 78 I 1913 Med Klin 12 1019 
(Sept 24) 1047 (OcL. 1) 1073 (Oct- 8) 1916 \ ircbows Arch f path 
Anat 22G SI 1919 Med Klin 21 184 1925 Nieren Erkrank-ungen 
cd 2 Berlin Urban and SchM,*arzenberg 1925 

3 Volhard Die doppelseitigcn hematogen Nicrcnerkrankungen Berlin 
Julius Spnnger 1918 

4 Fahr Deutsches Arch f klm Med 125 66 191S Virchows 

Arch f path Anat 239 32 1922 chanter on Pathologic Anatomy of 
Morbus Bnghlii page 176 subpart on Iscnhroscn page 172 in Henke and 
Lubarsch Ilandbuch der spczicllcn pathologischen Anatomic und His 
tologic Berlin Julius Springer 1925 

5 Epstein A A Am j M Sc. 154 : 638 (\ov ) 1917 Parenchj 
matous Xcphntii JAMA 69 444 (Aug 11) 1917 Am J M Sc- 
103:167 (Feb) 1932 Thjroid Therapy and Thyroid Tolerance in 
(Thronic "Nephrosis J A il 87:913 (Sept. 18) 1926 Arch, f \ cr 
dauungskr 44:31 (Aig) 1928 


Govaerts ° and others The condition occurs both m 
children and in adults A number of observers regard 
this clinical sj ndrome as a general metabolic disturbance 
rather than essentiall} a disease of the kidne} analogous 
to chrome nephntis or Bnght’s disease and have 
expressed tins idea b> the use of such terms as 
diabeticus albuminuncus (Epstein^) hpogelose (Kol- 
lert'), diabetes hpoid-protemicus (Low'enthal ®), ph}- 
sicochemical modification of bod} colloids (Munk -) 

If one turns to tlie literature, one finds that the 
support for this descnption of nephrosis is in lery 
large part clinical Reports of cases, grouped clinically 
as nephrosis, follow'ed through to death wnth post¬ 
mortem study of the kidneys, are relatiT eh few That 
there are patients with the clinical S}Tidrome of 
nephrosis no one can doubt, though the} make up a 
relatively small percentage of patients with renal 
disease Just how’ they progress is not so certain 
Some die after a relatiiely short period of disease, 
usually as the result of infection and predominatmglv 
pneumococcus infection Such cases in adults are 
reported b} 

Volhard and Fahr,’ 1914 1 A boj aged IS jears, duration, 

fifteen months, appendicitis followed bj pneumococcus pen- 
tonitis 2 A man, aged 22 duration, seienteen months pneu¬ 
mococcus peritonitis and bronchopneumonia 3 A girl, aged 
15 jears, duration not sen clearh stated, probably about h\o 
months pulmonarj tuberculosis and pneumococcus peritonitis 
(kidne>s showed amsloid with glomerular lesions) 

Bock and Majer,” 1920 A woman, aged 43, duration, three 
months, pneumococcus peritonitis 
Vandorh,” 1921 A man, aged 24 duration sesen months, 
probablj sjphihtic, pneumococcus peritonitis 
Stotz,“ 1922 \ man, aged 51 stanation edema during war 

one and one-half >ears later, onset of nephrosis, duration, fi\e 
months, pneumococcus pleunss 
McNee,“ 1922 1 A woman, duration, fifteen months 

(glomeruli descnbed as intracapillary glomerulitis) 2 A 
woman aged 39, duration nine months, acute peUnc inflamma¬ 
tion (glomeruli as m his first case and fair degree of interstitial 
tissue proliferation) 

Fahr” 1925 1 A jouth, aged 19 duration, slx weeks (pos- 

sibl} of sj-philitic ongin) , empjema 2 A woman, aged 38 
duration, ten months, lung abscess (Fahr descnbed degen- 
eratne (1) and hjaline (2) lesions in glomeruli) 

Major and Helwug” 1925 A man, aged 34 duration, nine 
months (autopsj limited to remoial of kidnejs) 

Eckstem,” 1926 A girl, aged 14 jears duration, fi\e 
months, probablj si-phihtic pentonitis with Gram -p diplococa 
(ladnej showed amjloid and beginning Schrumpfniere’) 

Murphj and Warfield ” 1926 A man, aged 21, duration, 
sixteen months, apparentlj no terminal infection, but autopsy 
limited to small abdominal incision 
McElroj,” 1927 A jouth, aged 17, duration, thirteen 
months tonsillitis 

Goiaerts and Cordier” 1928 A woman aged 22, duration, 
about twehe months pneumiKoccus in blood culture, pulmonarj 
thrombosis (Glomeruli larger than normal with nuclear 


6 Govaerts P Compt. rend Soc. de biol 89 C78 680 1921 Bull 
Acad, roy dc mfd de Belgique 1924 p 101, 8 22 1928 Gotaerls P 
and Cordier R Ibid. 8 510 1928 

7 Kollert \ Ztschr f klm Med 97 287 (Sept) 1923 Klin 

Wchnschr 5 441 (March 12) 1926 Kollert V and Starlmger W 

Ztschr f klm Med. 104: 44 1926 

8 Loncnthal K. Beitr r. path Anat. u- z. allg path. (Ziegler s) 
79 497 (Feb 15) 1928 

9 \ olhard and Fahr Die Bnghtsche Xierenkrankheiten Berlin 
Julius Springer 1914 p 96 

10 Bock and Mayer Med Klm lOl 101 1920 

11 Tandorfy J Med Klm 17: 656 (May 29) 1921 

12 Stotl Med Klm. IS 1276 1922 

12 MeXee J W J PatK A Bact. 23 425 (Oct ) 1922 

14 Fahr in Henke and Lubarsch Handbuch der spczicllen patholo- 
gischen Anatomie und Histologie Berlin Julius Springer 1925 p 224 

15 Alajor R H and Hcinig F C Bull Johns Hopkins Hosp 

30 260 (April) 1925 

16 Eckstein A Klm. W chn-chr 3 1787 (Sept 17) 1926 

17 Murphy F D and Warfield L. M Lipoid Serhrosil Arch Int 

Med 38:449 (Oct) 1926 

18 McElroy J B Xephroscs JAMA. 89 940 (SepL 17) 1927 

19 Govaerts and Cordicr (footnote 6 third reference) 
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proliferation, leukoci'tes in capillary loops, interpreted as 
glomeruhtis ) 

Lowenthal,' 192S 1 A woman, aged 29, duration, tliree 

months, blood culture, B pyoc\ancus, ulceratue colitis 2 A 
man, aged 21 duration, four months, bronchitis, erysipelas 
3 A girl, aged 16 duration, from twelve to thirteen months 
acute parotitis (drained) (In 1926 Lowentlia! =“ also reported 
two cases in children, aged 8'4 and 4)4 vears) 


Summarizing these, there have been reported eighteen 
adults with clinical course and postmortem renal obser¬ 
vations consistent with the diagnosis of nephrosis In 
these reports the average durahon of the disease has 
been 8 8 months in these patients from onset of edema 
to death In fifteen of the eighteen cases at the end 
there was evidence of acute infection, and of these, 
in eight there was infection with the pneumococcus The 
average age was 25 7 years, the oldest, 51 ^lales and 
females were equally affected In children, purposely 
omitted on account of my lack of experience wnth chil¬ 
dren and their diseases, except for age the reports 
seem to indicate a similar pathologic process with ten¬ 
dency to infection often with the pneumococcus, as 
tlie immediate cause of death after a not long duration 
of illness One wonders about these patients, just how 
much ot the pathologic picture has been determined by 
the elements of bacterial infection and what would have 
been the appearance had the disease not been terminated 
after so brief a cours-e brief in comparison with the 
majority of kidneys that we have for study from 
patients wnth chronic nephritis 

The cases just cited have furmshed the opportunity 
for pathologic study of nephrosis, that term being used 
in Its more narrow clinical sense Besides these cases, 
surprisingly few in number when one considers the 
great interest in the subject, the larger majority of 
patients with nephrosis must have either recovered 
completely or progressed under some other clinical pic¬ 
ture to an ultimate death, since so very few autopsies 
have been reported m the literature Qmical reports 
indicate frequent recover), but the literature is devoid 
of much in the wa) of follow-up of these cases in 
later 3 ears to see whether their apparent cure was 
complete or not Some of these patients, after a vary¬ 
ing time, die and show extensive amyloidosis This 
happened in one of our patients, who chmcally more 
than an) other of our patients showed the features of 
nephrosis There are reported also cases which do not 
heal but progress with a clinical picture shifting from 
that of nephrosis to subacute or chronic glomerular 
nephritis, and at death these show a more or less 
granular definitel) atrophied kidnev (nephrotische 
Schrumpfniere) Mason reports such a case and 
Yolhard and Fahr® include two of them This has 
happened in cases at our clinic 

Some authors describe in their cases of nephrosis 
definite glomerular lesions and believe that, even 111 
these pauents d)ang earh with renal lesions essentialK 
degenerative m nature, there are evadences of glo¬ 
merular lesions similar to those found in the earlier 
stages of glomerular nephritis (Govaerts and Cordier 
McKee, possiblv ^McElro) ) Then there are described 
mixed ca<;es in which clinicall) and pathologicallv there 
are evidences of both nephrosis and nephntis, cases 
which seem to progress along the lines of losing tlu 
clinical evidences of nephrosis and gaining more and 
more 01 the clinical features of glomerular nephritis 
In ni) experience this is what usuallv happens Manv 
of the patients that progress with signs pointing to 
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glomerular lesions give a histor)' of onset indicative of 
an acute nephntis subsequent to some sort of an acute 
infection Three patients with an earl) stage of 
hemorrhagic nephntis m our clinic have developed the 
nephrosis syndrome 

As one reviews the vanous reports of patients with 
the clinical syndrome of nephrosis, one gams the 
impression that two features are stnkingly common to 
all of these patients m the earlier stages, edema and 
very marked albuminuria, and that the rest of the 
features of nephrosis come later When the picture is 
fully developed, an almost constant feature is lowered 
blood protein, which is a reversal of the albumin 
globulin rabo of normal individuals When one recalls 
the edema of starv'abon and that occasional!) seen in 
perniaous anemia in the stage of severe anemia, there 
might seem to be a correlabon between the lowered 
protein of the blood and the edema, an idea that numer¬ 
ous observers have expressed in vanous wa)s and for 
which there is some evidence already adduced 

With this jxissibihty in mind. Barker and Ixirk work¬ 
ing in mv clinic under the supervision of O’Hare, have 
kept the blood protein of dogs low for a long time by 
very frequent bleedings, preventing anemia hi returning 
the washed red blood cells to the just bled dogs This 
work will be reported later by Barker and Kirk Suffice 
It to say here that these dogs developed edema, low 
basal metabolism, low blood protein vvith reversal of 
the albumin globulin ratio, and increased blood lipoids 
In my own clinic we have had, under the leadership 
of O’Hare, an especial interest in chronic nephntis 
(Bright's disease) for seventeen )ears During that 
period we hav e had opportunity to observe patients with 
edema and marked albiiminuna and to follow the course 
of their disease So far we liave had but one autopsy 
that gave the renal changes fairly consistent w'ltli 
nephrosis, ns desenbed b) the venous reporters, in the 
sense of tubular degeneration without glomerular 
lesions, but this pabent failed to show the typical clinical 
picture of nephrosis All of our patients who had 
extensive edema of the nephrotic tjqie and who died 
have shown glomerular lesions, either those usual to 
glomerular nephritis or an amyloidosis of the kndnev 
including the glomeruli One case already reported" 
may be ated brieflv as an example 

A woman agec! 60, was admitted to the Peter Bent Brigham 
Hospital Aug 31 1917, where she remained until her death, 
Oct 9, 1918 She had diphtheria three months before admission 
Shortlj after this her ejes were puffv and her legs began to 
swell Sliorth her abdomen swelled Never after this was 
the edema lost Her blood pressure was 165 svstohe and 95 
diastolic She had ascites and this was pscudochvlous m tjpe 
when tapped, in all on fifteen occasions Tlic urmc ahvajs 
contained a large amount of albumin, hvalinc and granular 
casts and red blood cells from rare to verv main The basal 
metabolism ranged from minus 41 to minus 35 (eiglit obsena 
tions) III the last few weeks of Iilc the phenolsnlpbonpbtbaicin 
excretion fell and the blood urea nitrogen rose, otbcrwise renal 
lunction was good except for salt and water 4utopsj sliowcd 
a marked degree of chronic glomerular nephritis 

Similar to onr experience appears too to have been 
the exjvcricnce at Mount Sniai Hospital, where Epstein 
had worked and Bachr == last spring made the state 
ment I would like to agree with the previous speaker 
and call attention to the fact that the clinical diagnosis 
of nephrosis is lieing made altogether too frequentiv 
Everv case of glomenilonephntis has a certain nephrotic 

’’ Chmtjan Oxford MeOicine New ork^ Oxford Lnivrr»tty Tfc « 
\nirriGjn Branch 3 658 1921 3 692 of rcMSion of Dec I 192*1 
,S Uachr Am J Path. *1 632 192fi 



Volume 93 

ISUMBER 1 


NEPHROSIS—CHRISTIAN 


25 


element At the Mount Smai Hospital m New York, 
where we have studied nephrosis for a long time, we 
hare only once encountered a pure nephrosis in an 
adult at autopsy Ever} other case clinically diagnosed 
nephrosis has at autops} presented charactenstic evi¬ 
dences of glomerulonephritis The one time nephrosis 
occurred in an adult nas in a svphilitic In children 
we do see pure nephrosis not infrequently In my 
experience they are usually superimposed on a 
chrome pneumococcus infection in the upper respiratory 
tract Eientually most of these children die of a pneu¬ 
mococcus infection of their ascites 

A study of the recent literature, along with m 3 ' own 
clinical experience and the observations on dogs of 
Barker and Kirk during the current 3 ear, have led me 
to adopt the follow'ing conception of nephrosis as a 
clinical condition 

1 Given a considerable and prolonged protein deficit 
m the blood, edema, lowered blood protein, relative 
increase in blood globulin at the expense of albumin, 
h 3 'percholesteremia, and lowered basal metabolism w'lll 
appear, not alwa 3 's in the same order and possibl}' in 
varying degree 

2 The most common cause for such blood protein 
defiat IS marked and prolonged albuminuna 

3 The cause of such albuminuna is a renal lesion 

4 Often this renal lesion is obviously in the 
glomenili, but m many reported cases, mainly 
those patients dying of infection relatively early 
in the course of the disease, the glomeruli show- 
very slight or no demonstrable lesions, w-hile there 
are extensive degenerative changes in the tubules 
For the latter, kmowing what we do of renal 
ph 3 Siology, and believing tint the actual daily amount 
of albumin in the unne in many of these patients is in 
excess of what could possibly come from degenerating 
renal epithelium, I am of the opinion that the source 
of the albuminuna is in the passage of albumin through 
the walls of blood vessels, most probably, glomerular 
capillanes, a functional cliange m a colloid membrane of 
which the microscope gives no evidence Obviously 
this explanation is mere sunnise 

5 Holding these views, there seems to me to be no 
justification for regarding nephrosis as other than a 
v-anetv' of kidney disease, a form of chronic nephritis 
(Bnght’s disease) 

6 Clinically it seems to me that nephrosis ma}- be 
used as the name of a syndrome such as defined by 
klunk, Volhard, Fahr, Epstein and others, but when 
It occurs It does not mean that a definite and single 
form of pathologic lesion will be found in the kidnev, 
but rather that there may be a degenerative lesion of 
the tubules v\ ith normal appearing glomeruli there may 
be am 3 loidosis, there may be glomerular lesions that 
will progress into tvpical chronic glomerular nephritis 
Furthermore, all of these lesions may be found in 
patients who never showed the svndrome of nephrosis 

7 While 1 can offer no objections to such a clinical 
use of the term nephrosis, I can see no great advantage 
of It over the term I have used in a very simple clinical 
classification of nephritis, nameh subacute or chronic 
nephritis with edema If used clinicall} I think it 
should be used as the name of a sv-ndrome occurring 
during the course of chronic nephritis (Brights dis¬ 
ease) If it is helpful to the pathologist to use 
nephrosis for degenerative lesions as suggested bv 
kliiller, obvioush there can be no objection, only as 
clinicians I think we should recognize that we may be 
unable during life to predict accuratcl) whether the 


pathologist IS going to find more or less nephrosis or 
less or more nephnbs, m other words, we are sbll in 
the same predicament in w-luch we have alw-ajs been, 
unable to use a pathologic classification of nephntis 
that can be applied easil}' and accurately in the clinic 

8 The imjxirtant practical contnbutions of Alunk, 
Volhard, Fahr and Epstein and the others has been 
in emphasizing the protan loss in these cases and the 
need of liberalizing the diet for renal cases, so that it 
contains a liberal protein content to replace the loss 
of albumin from the blood, so long as renal function 
will permit of its utilization without retention of non- 
protein nitrogen 

9 In this group there are certain, though few, 
patients with a definite cause for the renal disturbance, 
syphilis 

10 One gets the impression that what has been 
added to the clinical picture 111 recent 3 ears has resulted 
from the application of newer clinical metliods giv-ing 
more exact data in regard to processes formerly known 
or at least suspected, and that after much w ritmg 
about It not a great deal more of importance is known 
today than was understood by clinicians of tlie past 
under the terms parench 3 Tnatous nephritis, amyloid 
disease of the kidney, sj-phihs of the kidnev, tlie lipemia 
of certain cases of nephritis, and the pasty pallor, edema 
and languor of some forms of nephritis Extensive 
tubular degeneration m certain types of large white kid¬ 
ney has been known for a long time Older descriptions 
of amvloid kidney and syphilitic nephritis, allowing for 
di/Terences in terminology and Jack of some new labora¬ 
tory methods, correspond extremely closely with those 
of “Jipoid” nephrosis Diminution of concentration of 
plasma protein was noted by Bnghtm 1836, as was 
the milkiness of the serum, 'if the blood is drawn it 
is often bufted or the serum is milkw- and opaque, and 
nice analysis will frequently detect a great deficiency of 
albumin ” Changes in the albumin globulin ratio have 
been the subject of study for many jears Opalescent 
serous effusions were pointed out a long time ago 
Lowered basal metabolism had to await clinical methods 
for Its determination, and this seems to be about the 
only new feature that recent investigations have added 
to our kmowledge of the group of patients with exten¬ 
sive edema of renal ongin This lowered basal metab¬ 
olism does not seem to be other than part of the 
picture Evidence for its relation to defiaent thyroid 
function IS meager and in my opinion, it should not be 
considered analogous to mv xedema due to a lesion 
reducing thyroid function 

721 Huntington Avenue 
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Contributors to Obstetrics and Gynecology—If a joung 
physician were suddenly thrust backward forty vears one of 
his strangest experiences would be to miss so many names with 
which we arc familiar m our brandi of medicine There was 
no Stroganoff to systematize the use of morphia m eclampsia 
no Watkins to show us how to cure a cvstoccle, no IVcrthcim 
to teach us how to do a panhv stcrectomv for caiiccr no Potter 
to improve the technic of version and to enlarge its indications 
no Rubin's test for patenev of the tubes no Titus or Thal- 
heiraer to demonstrate tlie advantages of the mlrascnous treat¬ 
ment of the toxemia of pregnancy with dextrose and iiisulm 
no Kielland Barton or Piper with their new models of forceps 
—Hirst B S The Progress of Teaching and Practice m 
Gvnecologv During the Last Four Decades hit J Ohs! f' 
Ctncr Februarv 1929 
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lilanj haYc sought to determine the cause of deteri¬ 
oration in preparations of digitalis, and the discovers' 
of one or more factors that are concerned in the dete- 
noration has caused certain manufacturers to claim 
complete stabilit}' for their preparations The accu- 
mulaPon of a large number of speamens of digitalis 
leaf and preparations of many tjpes, some of which 
hare been standardized dunng the past tssents )'ears, 
afforded us an opportunit}' for making a comparison 
of the rate of detenorabon in a wade tanetj of these 
preparations 

A few references to the hterature ys ill suffice to indi¬ 
cate pretalent opimons and ive shall then present only 
tliose results of our expenments which are of practical 
interest in therapeutics, leaving the details of the 
expenments to be published elsewhere All our tests 
of actiYut}, except a few w'lth rapidlv eliminated frac¬ 
tions, were made by the mediod described by Hatcher 
and Brod}’ ^ 

Focke - reported that a speamen of leaY es that con¬ 
tained 12 per cent of moisture lost about three fourths 
of Its actiY itY' w ithin less than three months, he stated 
that equal detenoration occurred w ithin a y ear in otlier 
speamens haYong from 6 to 8 per cent of moisture, and 
great detenorabon Y\hen there was only 3 per cent of 
moisture present Since nearl)' all digitalis leaY'es con¬ 
tain moisture unless kept YYith excessne care Focke’s 
results YYOuld appear to indicate that practically all 
digitalis undergoes rapid decomposibon 

Hale^ inYesbgated scY'eral factors concerned Yinth 
the Yanabilit} of digitahs and its preparabons, includ¬ 
ing the influence of bme He found that leaves 8 y ears 
old containing 91 per cent of moisture YYcre of the 
same acbYuty as recent English leaY es Y hile the 
achYuty of these speamens had not been determined 
preYnousl}, Hale’s results do not lend anv support to 
Focke’s contention 

Gold and De Graff ‘ examined four specimens of 
digitalis tliat had been exammed preYuouslj, one Ayc 
Y ears, one four y ears and tY\ o more than tw o and one- 
half Years before None showed detenorabon, though 
thcY "had been kept in corked bottles inthout speaal 
precaubons 

Houghton and Hamilton •' examined thirtY -eight 
speamens of preYUOUsh standardized extracts, fluid- 
extracts and tmctures, and reported that thcY had dete- 
norated at rates y amng from an aY erage of 4 per cent 
a Year dunng six Years to that of 10 per cent a Year 
dunng three and one-half Years TheY Y\ere inclined 
to the Ynew that a high alcohohc content faYors 
stability _ 


* Frro the Derartccnt ct Phaniaccloj^ Cornell Lmrcrsity Yledicnl 

R. A and Brodr J G The Biological Sumdardinition 
c' D-nca Am. J Phnnn. 83 360 (Aug) 1910 , 

X FooYe C. Die phrsiologitche Y\ cnbestirnmting dcr Digitalis bUttcr 

Ha!e‘^^rth'*’‘Dimta!is Stani^rdixatitm and the Y anability of 
Crude icd of Medinnal Prcr-a-atiotn Bali /4 lire Lab U S P H S 

Gc r Harrr ard De GraS A. C Studies on Digitalis in ^bn 
la err 0'd_c Patienj I The Lse cf Digitalis in tt- Cardiac Qinic 

^ Heachtc^ |L*\/"and Hamnion H C Phanaacolcgieal 

A ay cf ti' ttr-u Tcmc- Ym. J Phana SX -<61 (O-t.) 1909 


Pittenger and Mulford ° exammed fifteen bnctures 
and reported deterioration m ever}' specimen except 
one Yaning up to 75 per cent m seYcn months, and 
Hamilton," in attempbng to refute the conclusions of 
Pittenger and JIulford, examined six specimens of 
tincture He found much lower aYcrages of deteno¬ 
rabon, but one of his specimens Yvas 43 per cent less 
acbYC after six months 

Hale exammed eight preparations m 1908 and in 
1910 and found detenoration var3ing from 4 3 per 
cent m the strongh alcoholic to 33 3 per cent in the 
YYeakly alcoholic He reported that digitol, contaimng 
30 per cent of alcohol, and digalen, YY'hich contained 
7 5 per cent, had detenorated more rapidly than the 
offiaal tmctures, winch contained approximate!) 70 per 
cent He also examined three bnctures, one 8 years 
old, one 3 )ears and one of 2 YY'eeks and found them 
to be of equal actmt) Haskell, Daniel and Terry® 
in 1922 examined four bnctures that had been tested 
in 191/ Their table shoYvs that the average actiYity 
of these YYas exactl) the same m 1922 that it Yvas five 
)ears before 

Some haYe sought to aYoid oxidabon by replaang 
the air in the container Y\ith an inert gas Weak hydro- 
chlonc acid decomposes certain constituents of digitalis, 
such as gitalin, rapidly eYen at bod)' temperature, and 
Hatcher and Eggleston “ found an old acebc extract 
of digitalis to be practically inert Heat used in making 
the infusion causes changes m some of the actwe pnn- 
aples of digitalis, YVith some loss of actniity Some 
Years ago a pharmaceubc manufacturing firm was asked 
to discontinue the markebng of ampules of ouabain on 
the ground that they became almost inert YYiithin a feiv 
days, and a prominent pharmacologist Yvrote to one of 
us tliat he had been informed that infusion of digitalis 
became almost inert after a single day 

Hatcher and Eggleston obtained a speamen of digi¬ 
talis leaf from E R Squibb 5^ Sons and examined it 
m 1913, at yyIucIi bme it Y\as at least 25 years old 
The leaves yy ere poYvdered at that bme and the pow der 
has been kept m a corked Y\ide-mouth bottle, YYUthout 
speaal precaution, dunng the past sixteen )ears We 
find that this poYYder, noYv at least 41 years old, has 
the same acbvity that it had m 1913, and that it is 
more actne than many fresh specimens obtained 
recently 

A speamen of poYYdered digitalis from the crop of 
1905 YYas sent to this laborator)' in 1906, and dunng 
the past tYY ent)-three )ears it has stood on a shelf in 
the pasteboard carton in Yvhich it Y\as recened Its 
actiY'it)' at present is about 70 per cent of that of the 
aY erage digitalis and there is no reason to suppose that 
It has undergone am detenorabon, but, unfortunately. 

It YY'as not examined at the bme it YY'as recened 

One of us prepared an infusion of digitalis, Feb 5, 
1918 heated it to the boiling point, and YY’itli it com- 
pleteh filled small bottles into YYhich corks YYere forced, 
and the bottles w ere sealed Y\ath paraffin The actmty 
YYas determined shortly after the infusion yy^s made, 
after an intcrYal of a )ear, after an inten-al of about 
tYYO Years and Ayc months, and after an intenal of 
nearh eleYcn Years No detenoration could be detected 
YMthin tlie first Iyyo Years and fiYe months, at yyIucIi 


6 Pittcnc«r P S aod Mnlford IT K Jr The Detenoratjon of 
L S P and Fat Free Tinctures of Digitalis J Am Pharm, A 

7 236 (March) 191'* , „ . ^ . 

7 Hamilton H C The Dctenoraljon of Digitalis Extracts J Am 

Pharm. A. ' Ja3 (May) 19IS ^ ^ ^ ^ ^ rx ( 

$ Hasktll C C Daniel D S and Terry C S Deterioration of 

the Tincture of Diptalir J Am. Pbarro A 11 918 (No% J 1922 

9 Hatcher R. A and Eggleston Cary OL$cr\-ations on the Keeping 
Properties of Digiuhs and beme of Its Preparation^ Am. } Phami 
83 203 (May; 1913 
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time a fraction of this infusion was used clinicall) h\ 
Dr Carj Eggleston The apex rate of a patient after 
rest m bed was 145 and the radial rate was 72 He 
recened a total of 150 cc of the infusion within twenU- 
four hours, causing a prompt fall of the apex rate to 
68 wth a total disappearance of pulse defiat, showing 
that the infusion exerted the full therapeutic effects 
After an interval of nearly ele\en jears the actl■^nt^ 
had fallen to about one half of the onginal, but larger 
doses still produce the typical digitalis action 

Another speamen of infusion ^\as prepared and bot¬ 
tled m the same ^\a>, Feb 24, 1921 The bottles were 
wrapped in manila paper and have been kept in the 
laboratory without speaal care since that time When 
tested, Nov 15, 1928, the infusion had lost about 
65 per cent of its activity dunng seven ^ears and nine 
months It was stored dunng the muter m an over¬ 
heated room almost directly over the furnace, and when 
tested in Apnl, 1929, it was about one-fourtli as active 
as when prepared 

It w'as used clinicall}, through the courtesy of Dr 
John Wyckoff, b} Dr Harry Gold, to whom w'e are 
indebted for the following reports 

Case 1 —H C , a man, aged 62 after several daj s rest m bed 
had a ventncular rate of 100, and a pulse rate of 78 He received 
570 cc of the infusion during four dajs The \entncular rate 
and pulse rate dropped to 54 with marked general improvement 
and the excretion of 4,300 cc of urine dunng the last two dajs 
The patents weight decreased bj 10 pounds (4 5 Kg) On the 
next daj 150 cc of the infusion was gi\en, wnth complete 
digitalization, mcludmg nausea 

Case 2—^R. A., a man, aged 54, after seteral da>s’ rest in 
bed had a ventncular rate of 126 and a pulse rate of 90 He 
received a total of 680 cc of infusion during six dajs The 
ventncular rate and pulse rate dropped to 84, without other 
marked improvement 

It IS especially interesting that this infusion which 
had detenorated to one fourth of its original activity 
exerted the t}pical digitalis action The activitv of 
570 cc of the infusion, showm b} the biologic test, was 
equal to that of 14 cc of an average tincture of digi¬ 
talis, or about the amount usual!} required to digitalize 
a patient 

A specimen of digitol aqueous (now called “digitos”) 
was received from the manufacturers, Apnl 29, 1922 
When examined after an interval of seven vears, it 
was about one-half as active as a specimen of digitol 
obtained directly from the H K Mulford Compan}, 
Apnl 19, 1929 It is about as active as our 11 year 
old infusion and more active than that made in 1921 

A commercial specimen of infusion of digptahs in 
ampules, which had been kept in this laborator} dunng 
ten vears or more, was- less active than our older 
infusion, and a little more than that made m 1921 The 
activit} of the infusion in the ampules was not deter¬ 
mined at the time thev were received, but the results 
do not lend anv support to the vnew that the infusion 
kept in ampules is more stable than that kept in a care- 
full} corked glass bottle ^^^ule no one would think 
of recommending that infusion of digitalis be kept for 
man} }ears, the results of our experiments are instruc¬ 
tive m that thev show that a properlv made infusion 
does not undergo rapid decomposition, and further, 
tint the loss of activitv does not involve the develop¬ 
ment of dangerous toxic substances 

Reference has been made to the suggestion that 
ampules of ouabain (so-called crystalline strophanthin) 
are unreliable This suggestion was made in 1918, at 

10 LccJc*ton Car> Unpublished data 


which time the manufacturers m question were asked 
to submit specimens of ouabain solution in ampules 
of soft glass and in ampules of hard glass Some dete¬ 
rioration had occurred in the soft glass ampules at the 
time that the} were receiv'ed in this laboratoty, after 
eleven months the} had lost 90 per cent of their activ¬ 
ity The solution m hard glass detenorated much more 
slow'l} and dunng one year no change w'as perceptible, 
but when examined m 1923 after an interval of fiv'e 
vears some had lost about 60 per cent of thar activitv 
Closely similar results were observ'ed with stenle solu¬ 
tion of ouabain which one of us had placed in hard and 
soft glass ampules and in glass-stoppered flint bottles, 
Feb 9, 1918 No detenoration occurred in the soft 
glass ampules in six weeks, in the bottles in three 
months, or m the hard glass ampules m five months 
At the present time, all the old solutions kept m soft 
glass are inert or nearly so some of those in hard glass 
are about as activ e as they were six y ears ago, others are 
a little weaker Ampules of amorphous strophanthin 
which were imported more than ten vears ago were 
also nearly inert The results of these experiments show 
that properly prepared ampules of ouabain in hard glass 
may be used vv ithin a reasonable penod with confidence, 
but that soft glass should not be used 

An alcohohe solution of ouabain which had been 
kept in a glass-stoppered bottle on a shelf in the lab¬ 
oratory' dunng twenty-one years showed a loss m 
activity' of only 20 per cent Ampules of cy'mann 
received, Apnl 13, 1914, have lost about 70 per cent 
of their activity Ampules of digital} satum, receiv'ed 
m this laboratory in September, 1915 labeled “Stensol- 
Digitaly satum,” containing no alcohol, were practically 
inert in 1929 This is of especial interest because of the 
claim tliat has been made that digital} satum is espe¬ 
cially stable m contrast to the other digitalis prepara¬ 
tions, and that no change occurred after a lapse of five 
years Cunously, a speamen of digitalysatum contain¬ 
ing 12 per cent of alcohol which had been kept in an 
ordinan corked bottle, not sealed, without care since 
September, 1915, lost only about 30 per cent of its 
activity in nearly fourteen years, assuming that this 
was the same as that of a specimen which had been 
examined shortly after its receipt in this laboratorv 

Ten ampules of digifolm were submitted to this lab¬ 
oratory by a hospital in February, 1923 The label 
indicates that the liquid is of the same activ'ity as the 
tincture of digitalis, but these ampules were apparently 
less than half as active as the tincture of digitalis then 
used in the hospital Ampules of digifohn received 
in June, 1928, were tested in Dlav, 1929, at which time 
the activity was one-third that of the average official 
tincture of digitalis Ampules of digifolm received in 
November, 1916, were tested m April, 1929, and found 
practically inert It is not remarkable that those 
ampules which had been kept thirteen years had under¬ 
gone extensive detenoration, but the results with the 
other two speamens were distinctly surprising because 
the advertising received in 1928 contains the statement 
‘The fact that Digifolm-Ciba does not detenoratc vvitli 
age is suffiaent evidence that deterioration is due to 
the presence of saponins and other decomposition 
products These substances have been removed from 
Digifolin-Ciba ” 

We do not mean to iniplv that digifolm-Ciba or 
digitalysatum is more prone to decomposition than arc 
nonoffiaal preparations but, on the other hand, the 
manufacturers’ claims of unusual stabilitv arc not 
supported by the results of our expenments 
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The stabilitj' of digitalis in powder is being utilized 
in some forty affiliated cardiac clinics of the New York 
Tuberculosis and Health Association following the 
insbtution of the use of standardized tablets in the 
Adult Cardiac Clinic of Bellevue Hospital six: years 
ago An amount of digitalis sufficient to supply these 
clinics at least one year (and probably two years) has 
been standardized by Dr Harry Gold and it has been 
made into tablets of seieral different sizes, insunng 
comparable dosage m all the dimes It is obviously 
desirable to extend the principle to include all cardiac 
chines m the United States in order that studies of 
dosage in one clinic may be compared with those in 
others There is no obvious difficulty in accumulating 
supplies of the leaf to last more than one year, though 
it might take more than a jear to bnng the plan into 
operation 

Infusion of digitalis in tightly corked and sealed 
bottles detenorates very slowly We do not recom¬ 
mend that it be kept for years, but the dinician can 
use with confidence the infusion prepared by a propi- 
erly quahfied pharmacist The preparation does not 
require any speaal skill 

There is some evidence that the actiie principles in 
the infusion which resist decomposition are precisely 
those which are absorbed most readily from the gastro¬ 
intestinal tract, and that those which decompose are 
the pnnaples which are jworly absorbed and which 
contnbute little to the therapeutic action of oral doses 
of the infusion or tincture 

The offiaal tincture of digitalis, containing about 70 
per cent alcohol, detenorates so slowly that tlie clini¬ 
cian can use it with confidence that it will induce the 
desired effects in suitable cases, especially since modem 
practice directs that the dose be increased cautiously, 
if necessary, until minor toxic symptoms, such as 
nausea, are induced With this m mind one may use 
a tincture of an) age in an emergency, with confidence 
that sufficient doses will induce the tjpical digitalis 
action 

There are several causes that contnbute to the slow 
deterioration of the infusion and tincture of digitahs, 
but the presence of a little air in the bottle is not impor¬ 
tant The decomposition is probably due mainly to a 
constituent of digitalis, since the purified pnnciples in 
60 per cent alcohol, and ouabain in 90 pier cent alcohol, 
deteriorated little dunng many years 

SUMMARY 

Six specimens of powdered digitalis have been exam¬ 
ined m this laboratory after intenals varying from one 
to sixteen \ears, and in no case has detenoration been 
detected, and it may be added that no one in this lab¬ 
oratory has e\er obsen'ed anything indicatne of dete¬ 
rioration in one of the many speamens of powdered 
digitalis used 

Pow'dered digitalis, in tablets or m capsules, is admira¬ 
bly suited for secunng uniformity' of dosage w'here 
individual patients, dimes or groups of clinics are 
proMded wtli suffiaent to last one \ear or more 

A stenle intusion of digitalis undergoes little change 
within sereral months, and detenoration then results 
solely 111 diminished actmtyq not in increased toxiatx 

The official tincture ot digitalis retains its actniti 
wnth conipiaritneh little change dunng seceral years, 
and anc change tint docs occur mereh calls for a cor¬ 
responding increase in dosage The secret of deteno- 
ration of liquid prepiarations of digitalis has not been 
exphined fully, and there is no ciidence that an-i ot 


these preparations are as stable as piowdered digitalis 
kept with ordinary care in a corked glass bottle 

Aqueous solubons of strophantliin, ouabain or other 
digitalis pnnaples, kept in ampules of soft glass, dete- 
norate rapidly Ouabain solution in ampules of hard 
glass decomposes slowly 

Our investigation lends no support to the conten¬ 
tion that any of the digitalis spieaalties mentioned 
are more stable than the offiaal digitalis tincture 
All liquid preparations of digitalis should bear the 
date of manufacture 
414 East Twentj-Sexth Street 
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New Instruments 


NARCOLEPSV FOLLOWING EPIDEMIC EXCEPHALITIS 

Gokdon R. Kauman JI D St Paul 
Instructor m Xerrous and Mental Diseases Unuersity of Minnesota 
Medical School 


Narcolepsy as a sequel of epidemic encephalitis is a rare 
although definite entity described by Economo,' Stiefler,^ 
SjTnonds,* Adie,' and Kluge’ in Europe and by Spiller* in 
America As far as I am able to determine, Spiller’s is the 
first and the present one is the second account m American 
literature of narcolepsy occurring as a postencephalitic phe¬ 
nomenon Se\eral other cases of so-called narcolepsy follow mg 
encephalitis have been reported m the literature, but careful 
examination of the reports shows that these are not cases of 
true narcolepsy but merely inversions of the sleep rhythm with 
sleep occurring dunng the day Also, man> of these cases do 
not hate the characteristic "Lachscblag” which the present one 
shows 

Narcolepsy was first desenbed by Gelineau in 1880, and since 
then descnptions of the disease have been extremely incon¬ 
sistent It has been called by \anous names—Smger’s 
‘ Hypnolepsie,” Friedmann s "Kleine gehaufte Anfalle”—and its 
sjmptomatology has been confused with everj-thing from hjs- 
tena to epilepsy The most widely accepted concept of the sjn- 
drome todaj is that offered by Gelineau and Redlich,' who state 
that it has two outstanding symptoms These are (1) periodic 
attacks of involuntary sleep, and (2) attacks of temporarj loss 
of tone m the voluntary muscles brought on by some emotional 
stimulus The attacks of mvoluntarj sleep may come at any 
Ume during the day, they last for from several minutes to lialf 
an hour, the sleep is quiet and normal, and the patient can be 
awakened by adequate stimulation The amount of sleep the 
paUent receives at night does not influence the number of diurnal 
sleeping attacks, which may occur under the most varied con¬ 
ditions, such as walking, talking driving, plowing plaving 
cards, rmhtarj or naval duty, and even dunng coitus* The sec¬ 
ond symptoms, ‘loss of tone" attacks, appears when the patient 
laughs IS fnghtened, or becomes angry There is a sudden 
loss of tone m all the skeletal muscles, and the patient collapses 
wathout experiencing any disturbance m consciousness This 
condition lasts for only a short time, and m a few minutes the 
patient becomes perfectly normal Because this phenomenon so 
often accompanies the act of laughing, German vvnters refer to 
It as a laugh stroke (Lachschlag) 

Literature contains accounts of both ‘ essential ’ and "symp¬ 
tomatic” narcolepsy ' Essential narcolepsy ’ is the term applied 


IS’S den Schlaf \ lenna Juliui Spnneer 

2 Stiefler G Xartolepiie nach Enccphalilis Lcthargica W im klin 
Wchnschr 40 1041 104C (Oct ) 1924 

3 Symondi C P Narcolepsy as a Symplom of Encephalitis L-Ihar 
Eica Lancet 3: 1214 1215 (Dec.) 1926 

4 Adic W Lancet 2 1017 (Nor) 1926 

5 Kluge A Narkolepsic Oder Encephalitis’ Ztschr f d res Neurol 

OL Psychiat 110 4IS421 1927 'euroi 

6 Spin^ W G Narcolepsy Occasionally a Poslencephjlilic Srn 
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Examination —The ph\sical examination re\ealed a general 
orange-jellow pigmentation of the skm, most marked in the 
palms of the hands and the soles of the feet, but no tmgeing of 
the sclerae. The trans\erse colon was slightly tender The 
liver came below the costal margin about 3 cm. on deep inspi¬ 
ration, tlie edge was smooth and not tender The remamder 
of the phjsical examination was negative 

Laboratory Observations —^The blood pressure was 130 sja- 
tolic and 80 diastolic, the hemoglobin was 88 the red blood 
cells numbered 4,600,000, and the leukocytes 9,200 The urine 
was normal, there was no bile, the stools were soft and formed, 
and bile pigments were present A cholecystogram made by 
Dr Rose showed normal fillmg and normal emptying, there 
was no evidence of calculi A barium enema repealed a normal 
colon except for a slight spasticity in the region of the trans¬ 
verse portion. The Wassermann reaction was negatne, the 
icterus index was 33J, and the van den Bergh reaction was 
negative. A fragility test of the red corpuscles showed initial 
hemolysis at 0 42, complete hemolysis at 0 34 

"Jaundice” that was so unevenly distributed, did not color 
the sclerae, did not produce bile in the urine, and gave an 
icterus index of 33J and a negative van den Bergh reaction, it 
was reasoned, could not be a true jaundice Dr Matthews one 
of our interns, suggested as a diagnosis carotmemia This 
was m accord with all the observations and was supported by 
a further history from the patient of an unusual fondness for 
carrots, at least one cereal bowl full havnng been eaten every 
day for three months Removal from the diet of the carotin- 
nch vegetables and fnuts resulted in a marked improvement 
m one week, and complete disappearance of the pigmentation 
in SIX weeks 

COMMENT 

Carotmemia in an adult is an uncommon condition and of 
interest only because of the possibility of confusing it with a 
true jaundice, and the necessity of recogmrmg its etiology m 
order that it may be cleared up Pseudo-icterus and xanthosis 
diabetica are undoubtedly synonymous with carotmemia It is 
not a disease but a harmless pigmentation which raptdlv dis¬ 
appears with the elimination from the diet of the carotin-nch 
foods 

104 North Oak Park Avenue. 


RUPTURE OF THE RECTUM DURING PROCTOSCOPIC 
EXAMINATION • 

Cbakixs Golduab MD Biooklvx 

My mterest in rupture of the rectum during proctoscopic 
examination was aroused when the case presented here came 
under my care 

History —A white man, aged 44, a aty fireman, marned was 
seen, Feb S, 1929, with the complaint of severe constipation, 
loss of appetite, general weakness, and a historv of an attack 
of mfluenra tnree weeks previous to his visit A general exami¬ 
nation disclosed myocardial degeneration, a systolic pressure 
of 104 and a small quantity of albumin in the urine. 

A proctoscopic examination showed a normal empty rectum 
A diagnosis of postinfluenaal exhaustion and constipation was 
made and the patient was given an anticonstipation diet, told to 
take liquid petrolatum, and advised to rest and to spend a few 
hours each day m the sunshine. 

Because the constipation was not entirely relieved bv the liquid 
petrolatum and the diet, or for some reason not known to me 
a nurse who was m attendance on another patient in the same 
building began dady colonic irrigations On the advnee of the 
nurse, a neighborhood physician wuth whom she was acquarated 
was called for medical adnee. 

February 20, the patient was ready to return to work fully 
recovered from his illness The patient, at the request of the 
physician, went to his office for a final examination When the 
physician, after a cursorv general examination introduced a 
proctoscope, the patient shrieked in pain and collapsed. He was 
rushed to his home and put to bed w ith a diagnosis of gas pains 

* Read before the American Proctologic Society Detroit. 


After twenty-four hours of agony and several colonic irrigations 
under the phy-siaans orders, the patient was transferred to a 
local hospital 

The essential facts of the further history are taken from the 
hospital history chart 

The jiatient died, Februao 27, as a result of general peritonitis 

The admission diagnosis was acute peritonitis, February 21, 
the chief complaint was pain in the abdomen. There was no 
history of blood in the stools or voimtmg of blood The unne 
was normal 

Erammatwn —The patient lay in bed wnth the legs fle-xed, 
he appeared acutely ill, and had an anxious expression on his 
face. The head was of normal contour The pupils were equal 
and reacted to light and m accommodation The throat was 
clear Examination of the chest revealed shallow respiration 
but was otherwise negative The abdomen was flat, and there 
was ngidity over the entire abdomen which was very tense at 
the lower park Palpation could not be done ownng to the 
ngidity and tenderness 

Operative Record — A. diagnosis of perforated viscus was 
made. During anesthesia the pulse was poor The patient 
vomited black matenak 

1 The intestines throughout were severely inflamed and dis¬ 
tended and covered with a fibrinous exudate. 

2 The gallbladder, serous coat, was covered with petechial 
markings 

3 The abdominal cavity was filled wnth a large quantity of 
seropurulent substance. 

4 The left pelvic space was filled with a large quantity of 
greenish white gelatinous pus 

5 There was a perforation about the size of a silver quarter 
(25 mm) on the right anterior surface of the rectum about 
6 inches (IS cm.) above the anus 

operative Procedure—Repair of the perforation was done, 
with drainage of the abdomen and of several loops of the 
intestine 

Autopsy—The essential observations were myocardial degen¬ 
eration, congenital cystic kidneys, bronchopneumonia, and normal 
bowel, except for a perforation of the antenor wall of the 
rectum about 6 inches from the anus 

COMMENT 

On the advice of Dr Edward C Martin of Detroit, I 
attempted to complete my report by the addition of as many 
unpublished similar cases as I could collect I soon found that 
the nature of the case prevented any great assistance from my 
colleagues One patient, I knew, had come to a Brooklym hos¬ 
pital within the last year The surgeon m charge was unwilling 
that 1 see the chart However, he supphed me with the follow¬ 
ing meager descnption of the case 

A man, aged 52, complamed of cramps and diarrhea Follow¬ 
ing proctoscopy, he complained of sudden severe pain, went into 
shock and rapidly developed diffuse distention of the abdomen 
vvith tenderness The patient w-as brought to the hospital within 
three or four hours and operated on immediately At operation 
a diagnosis was made of rupture of the rectum and a colostomy 
vv^ performed. The patient died No autopsy was obtained 

1 wrote to a number of men doing proctology and asked them 
whether they knew of any unpublished cases of rupture of the 
rectum during proctologic e.xamination Two men replied that 
they each knew of a case but that thev were not pnvileged 
to give information for publication. One man replied giving the 
details of a rupture of the rectum during proctoscope examina¬ 
tion m a case of ulcerative cohtis 

COXCLUSIOXS 

1 The normal bowel may be ruptured with comparative case. 

2 The number of cases of rupture of the rectum during proc¬ 
toscopic e.xamination reported is only a small part ol those 
which occur 

3 There is a necess tv for insisting on at least as much mstruc 
tion in the use of a proctoscopic as is believed necessary in the 
use of a cvstoscopc. 

1501 Union Street 
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ASCARIS LUMBRICOIDES FOUAD IN THE CAVITY OF 
THE HUIIAN HEART* 

Carl Boettiglr, MD avd Jacob Werke, MD New Tori 

The case we are reporting is perhaps of interest more because 
of Its oddity than of any saentific significance the observations 
mai carrj 

A woman, aged 65, born in this countrj, was admitted to the 
medical semce of Dr McLave at St John’s Hospital, Feb 18, 
1929 The onlj history obtainable, since the patient was irra¬ 
tional, ivas from her son She was a tertipara who had borne 
her last cliild forty jears before She had had a swelling of 
her nght leg for twenty years and had recently been complam- 
ing of pain in the left lower portion of the chest She had 
been treated at the Metropohtan Hospital for ulcers of the leg 
during the six months prior to her admission to this hospital 

The patient was said to have become acutely ill the day 
before admission She developed chills, fever, and the pain in 
the chest previously mentioned There was no hemoptjsis 
Physical examination in the hospital revealed, as significant 
observations, crepitant rales over both lungs, distant heart 
sounds of regular rhythm, and elephantiasis of the right leg 
with ulcerations over the ankle. The temperature on admission 
was 100 4 F , the pulse rate was 105, and respirations were 38 
The chemical analysis of the blood was not remarkable There 
were 4,100,000 red blood cells and 11,000 white blood cells, of 
which 67 per cent were polymorphonuclears and 33 per cent 
Ijunphocytes No cosinopluls were found The unne contained 
a trace of albumin. Death occurred three days after admission. 
The clinical diagnoses were pulmonary thrombosis, chronic 
bronchopneumoma and elephantiasis 

The autopsy revealed cardiac hypertrophy, general arterio¬ 
sclerosis, pulmonarv thrombosis, chronic intershtial pneumonia, 
passive congestion of the lungs liver and spleen chronic inter¬ 
stitial pancreatitis, elephantiasis of the right leg with super- 
fiaal ulcerations, and ascariasis The immediate cause of death 
was pulmonary thrombosis 

The interesting feature of this case was the finding of two 
vellowish white worms with annular markings, measuring each 
about 10 cm. by 5 mm in the cavity of the nght ventncle. 
The first was found m the chicken fat clot m the cavity of 
the nght ventncle and the other was found to e-xtend partly 
into the pulmonary artery In view of the clinical diagnosis 
of pulmonary thrombosis, masion had been made mto the nght 
ventncle and pulmonary artery before the removal of the vis¬ 
cera cii masse No adult forms of the parasite were found m 
the mtestme, which is the normal habitat of tlie mature worm 

The heart was markedly hypertrophied but did not show any 
valvTilar or endocardial lesions, aside from moderate arteno- 
sclerotic thickcmng The myocardium grossly did not show 
extensive scarnng Both lower lobes and the nght rmddle lobe 
of the lung were the site of a marked mduration and interstitial 
fibrosis which wall explain the finding of old thromboses some 
with canalizabon. A fresh clot, adherent and granular, dis¬ 
tended the wall of the vessel leading to the nght middle lobe. 

The worms were identified as forms of Ascaris himbitcoidcs 
Because of the unusual finding, a bnef survey of the literature 
on this subject was made, and disclosed several references to 
the finding of parasites in the cavity of the human heart of 
which, however, so vague a description is given as to render 
them unauthoritative. 

In this connection, it iraght be well to call to mind the 
accepted evde of development of Ascans lutiibncoides m man 
The larvae, liberated by the hatching of the eggs m the small 
intestine, are known to penetrate mto the portal circulation 
After a bnef sojourn m the liver, they pass through the nght 
heart mto the lung and undergo further development m the 
capillaries From there thev pass to the air vesides, up the 
tracheobronchial tree, down the esophagus mto the stomach and 
small intestine where thev develop mto adult worms These 
parasites have been found m the biliarv passages, m the pan¬ 
creatic ducts in the eustachian tube m the lacnmal duct, m 
the gemto-unnary tract and free m the peritoneal canty, among 
numerous other locations Whether m this case development 


• Rad before the Queenj Coontr Xtedial Srorty AprfI 7 1929 
From the Patholociol laboratory of St John J Lonj Island City 
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occurred somewhere between the portal circulation and the pul¬ 
monary artery, or whether the adult worm had made its way 
into the cavnty of the right heart, either ante mortem or post 
mortem, is a speculative question Suffice it to say that the 
tendency of this parasite is known, and has been variously 
reported, to migrate into the most unusual situations in the body 


S\ STEMIC BLASTOMYCOSIS 
Theodore Toepel, M D , Atlakta, Ga. 

The case reported here is of mterest on account of the rapid¬ 
ity with which blastomycosis progressed by the direct route 
along bones from the index finger to the upper arm, and by 
metastasis to the right lung, then to the left lung and finally 
to the left kidney 

The history dates back to Dec. 24, 1927, when the patient 
was pricked by a thorn on the left index finger while hunting 
rabbits Papules appeared on all the fingers shortly afterward. 

Jan 12, 1928, a red spot was noticed on the index finger 
which developed into an abscess The finger was lanced, Jan¬ 
uary 18, 22 and 25, without relief 
The patient, a married man, aged 37, weighing 200 pounds 
(91 Kg), came to me, Jan 31, 1928 Physical e.xammation 
was negative except for the mfected finger, which was swollen 
to twice its size and of purplish ghstemng color The blood 
and urine were normal Roentgen examination revealed osteo-' 
myelitis, mvolnng all the phalangeal bones, with considerable 
bone destruction of the distal phalanx. The finger was ampu¬ 
tated, February 1, the second metacarpal bone was removed, 
March 3, and the arm was amputated at the middle and lower 
third of the humerus, March 13 The wounds were left open 
and tincture of iodine was freely used 
February 3 the presence of blastoraycetes was definitely estab¬ 
lished in the pus of the finger and was again found in the hand 
and m an abscess on the upper arm The blastoraycetes were 
discovered in the sputum, April 2 This condition cleared up 
m ten days When the patient left the hospital, April 25, there 
was no evidence of blastoraycetes in the sputum or in the urine 
laboratory observations are of mterest, as they showed the 
rapid decline of the red blood cells from 4,960,000, January 31, 
to 3,800,000 by April 19, the white blood cells rose from 8,400, 
January 31, to 34,500 by March 31 and then dropped to 23,800 
by April 19, lymphocytes dropped from 32 per cent, January 
31, to 4, March 26, and then rose to 17 by Apnl 19, poly¬ 
morphonuclear neutrophils rose from 65 per cent, January 31, 
to 95, March 19, and then dropped to 81 by Apnl 19, hemo- 
globm dropped from 92 per cent, January 31, to 75 by Apnl 19 
Two blood Wassennann reactions were negative, blood tula¬ 
remia was negative Speaal unne tests for iodine were positive, 
varying from -f- to + -h + albumin varied from a trace to + 
and the microscopic examination showed leukocjtes, occasional 
hvahne casts, pus cells and blastoraycetes 

A point of interest in this case is the absence of further 
involvement of the bone after the last operation, March 13, 
the metastasis to the right lung, Apnl 2, and a clear lung 
without blastoraycetes, Apnl IS When the patient left the 
hospital, April 25 he was able to walk to the automobile A 
roentgenogram of his chest, taken at his home town and sent 
to me about the last of May, showed a large area involved in 
the left lung and a week later the report sent to me told of 
the patient passing pus and suffermg extreme pain over the left 
kidnev The patient died, June 22, 1928 The complete destruc¬ 
tion of the left kidney was discovered at the autopsy, fibrous 
patches m both lungs and in the liver were present 

Potassium iodide was giv en by mouth, beginning February 3, 
a dosage of 20 drops of the saturated solution, three times a 
daj being increased dailj until the patient was taking 120 
drops three times a daj Fifteen grams (1 Gm ) of sodium 
iodide in 20 cc. of solution was given daili intravenouslj 
Tincture of iodine was frcclj used in the wounds, whicli were 
left open for this purpose, from February 1 to March 13 
Laxatives and enemas were given as needed, and sedaUves for 
pain The stomach and body developed a tolerance for tlie 
potassium and other iodides, so that onlj on rare occasions 
was the dose reduced or discontmued 
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Special Article 

ABOLISHING DIABETIC COMA 

E P JOSLIN. MD 

BOSTON 

Diabetes is a chronic disease, but diabetic coma is an 
acute disease If this fact was recogmzed, deaths from 
diabebc coma should cease It is high time they should 
cease for seven years have gone by since the discovery 
of insulin and the medical profession has been taught 
that insulin cures coma unless the patient is moribund 
Why not abolish diabebc coma forthwith This is 
the easiest and surest method of lowenng diabetic 
mortality 

The diagnosis of diabetic coma depends largely on a 
history of its gradual onset The pabent has felt sick 
and looks and acts seriously ill rather than in collapse, 
as in insulin shoc^c with tremor and sweabng, uncon¬ 
sciousness or convulsions Inquiry shows that insulin 
has been omitted or that the customary dose became 
inadequate, because the pabent broke his diet or con¬ 
tracted an infecbon Usually nausea, vomiting and 
pain, simulabng serious abdominal disease, have led to 
the omission of food and in consequence the bodv has 
had nothing to live on except its own protein and fat 
and hence has developed aadosis Gradually increasing 
restlessness, a deepening of the respiration into air 
hunger, but without cyanosis, and a change from 
drowsiness to coma develop, quite in contrast to the 
symptoms of insulin shock, whose onset is swift, com¬ 
plete and without difficulty in breathing In coma the 
unne, obtained by catheter if necessary, contains sugar 
and aad, in insulin shock the unne is sugar free unless 
It collected in the bladder before insulin began to act 

TREATMENT 

1 The treatment of coma is the treatment of an 
emergency and takes precedence over all else The 
diagnosis once made, insulin should be injected every 
half hour subcutaneousl)', from 10 to 40 units or 
more, until returning consaousness, normal respiration 
and decreasing glycosuna demonstrate beginmng 
recovery If insulin is given mtravenousl}, it should 
always be giv^en subcutaneously as w'ell 

2 Since the bssues of the pabent are dehydrated, 
a liter (quart) of physiologic solution of sodium 
chloride should be inserted under the skin at once It 
is dangerous in coma to trust to the retention of liquids 
by mouth or the ahsorpbon of salt solution b\ rectum 
Intravenous injecbons are satisfactory, if given slowly 
to avoid distention of the heart 

3 The circulation should be stimulated w ith cafteine 
sodiobenzoate, 7)4 grains (0 5 Gm ), given if indicated, 
every hour for four doses 

4 The stomach should be gentl) washed out so that 
liquids will be retained Useful liquids are water, 
broths, coffee, tea, gruels, and often most desirable of 
all for the first twentv -four hours, tw o or three glasses 
of ginger ale or the juice of two or three oranges—in 
other words, about 50 Gm of carbohydrate There¬ 
after one ma} return to the simpler articles of the 
regular diet, all the while regulating the dosage of 
insulin b} tests of the unne at first everv h\o hours, 
later lengthening the intervals to four or six hours 


The dosage is 15 umts of insuhn for a red test, with 
Benedict’s solubon, 10 umts for a yellow test, 5 units 
for a green test, but no insuhn if the unne is sugar free 
With measures such as these, recovery is almost certain 
unless the complicabng disease is of itself fatal 

prevention 

Prevention is better than treatment The pabent 
should be trained to avoid coma He should be told 
that he must not omit insulin as long as there is sugar 
in his unne, no matter whether he eats or does not 
eat If he has an infecbon or fever, he must take 
more insuhn and take it oftener He must be made 
to realize the danger of breaking his diet Ask him 
to repeat what he is to do if he feels sick 

1 Telephone the doctor 

2 Go to bed 

3 Drink a cupful of hot liquid every hour 

4 Get a nurse or a substitute 

5 Take an enema 

6 Keep vrarni 

7 Have boiled water on the stove ready for the doctor when 
he comes 

81 Bay State Road 
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ISAROL-CIBA —Sulphonated Bitumen, N F —A prepara¬ 
tion obtained by dry distillation of bituminous shale The 
distillate IS sulphonated mth sulphuric acid and subsequently 
neutralized with ammonium carbonate. The product complies 
with the standards for sulphonated bitumen N F 
Actions and Uses See Sulphoichthyolate Preparations and 
Substitutes, New and Nonofiicial Remedies 1929, p 398 

Manufactured by Ihe Soaety of Chemical Industry in Basic Switzer 
land (Ciba Company Inc New V ork) No U S patent U S trade- 
mark 97 007 

Isarol Ciba is a reddish brown to brownish black syrupy liquid with 
a strong characteristic erapyreumatic odor It is soluble in water and 
in glycerin and is miicible with fixed oils and fat* It is partly soluble 
in alcohol or ether and entirely soluble in a mixture of equal ^olunles 
of these soUents An aqueous solution (1 in 10) may be faintly acid or 
faintly alkaline to litmus paper The addition of hydrochloric acid 
to this solution precipitates a dark resmous mass which is soluble m 
ether 

Incinerate a weighed portion of isarol Ciba the ash does not exceed 
0 5 per cent Drj a weighed portion on a water bath to constant 
weight the loss is not more than 50 per cent 

Accuratelj weigh about S Gm of i*aroI Ciba dissohc in 100 cc. 
of natcr transfer to a distillation flask add an excels of sodium 
hydroxide solution and distil slowly collect the distillate (about 50 cc ) 
m 15 cc of normal sulphuric acid when the distillation is completed, 
titrate the excess of sulphuric acid with tenth normal odium hydroxide 
using mcthjl orange as indicator the amount of ammonia found is not 
less than 2 5 per cent Accuratel> weigh about 1 Gm of isarol Ciba 
transfer to a 100 cc beal-er and add 25 cc of alcohol etir thoroughl) 
filler and wash the filter with a mixture of equal parts of ether and 
alcohol until the washings are dear and colorless dry the residue on 
the filter at 100 C cool and wash the filter with 200 cc of warm 
water slightlj acidulated with h>drochIonc aci 1 determine the suliihate 
in the olution precipitation with barium chloride solution and after 
washing drying igniting and weighing calculate the results to 
ammonium sulphate the amount found is not more than 8 per cent 
Dr> about 1 Gm of isarol Ciba on a watch glass to constant weight at 
105 C puherirc the dried material and transfer about 0 5 Cm accu 
ratcis weighed to a nickel crucible add about 9 Gm of sulphur free 
sodium pcroxidcj and mux thoroughh place the crucible carefully m 
a beaker containing cold di lillittl water wlucU should reach alKiut half 
wa> to the top Ignite the dry mixture in the crunbic b> thru ting a red 
hot iron wire through a hole in the cover of the crucible after comj letc 
combustion has taken place tip the crucible and allow the fit crl mass 
to dissohe m the distilled water add hjdrochloric and in slight cxcc 
heal to boding and determine the sulphate in th'* solution bj prccij ita 
tion with barium chloride solution and after wa hing dr>ii)L Hnilin'» 
and weighing calmlate the results to sulfhur the total ulflur si jiiIJ 
not be Ic s than 10 per cenL 
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SOME EFFECTS OF FAULTY FAT 
METABOLISM IN DIABETES 


That diabetes mellitus is not a disease of carbohydrate 
metabolism alone has been demonstrated by the careful 
quantitative chemical investigations of the past decade 
and espeaally by the study of the disease since the 
introduction of insulin Beginning perhaps as a dis¬ 
turbance of carbohydrate metabolism alone, resulting 
from hypofunctioning of the pancreatic hormone, it 
remains a relatively innocuous disease as long as car¬ 
bohydrate metabolism alone is at fault In tins state 
the patient may live out his normal span of life with 
a minimal amount of worry about his diet The harm¬ 
lessness of diabetes in this stage is attested by the 
frequency with which it exists and remains unsuspected 
and undetected until its presence is discovered by a 
chance urine examination It is, indeed, difficult to 
say how deletenous the mere presence of an increased 
amount of dextrose in the blood and tissues may be 
Even this useful and recessary substance may be 
hannful when constantly present in the tissues in 
unusually large amount, but there is no very good 
evidence that a high dextrose content in itself acts 
deletcnouslv Blitzsten and Schram,^ working at the 
Nelson iSlorns Institute in Qiicago showed that slight 
changes in the electrocardiogram were present in a 
fairly large proportion of patients with diabetes and 
that similar changes could be brought about in dogs 
bv maintaining the blood sugar at a high level dunng 
the course oi experiments That hy perglv cemia alone, 
the dextrose in high concentration acting possibly as a 
protoplasmic poison, is a factor in the causation of 
other changes in the cardiovascular system is prob¬ 
lematic That It is a factor at all appears doubtful 
because of the regulantv with which the highly spe- 
aahzed renal tubular epithelium, w Inch is so susceptible 
to poisons escapes harm until a late penod of the 
disease The high dextrose content of the blood and 
tissues IS probablv chieflv responsible for the increased 
susccptihihtv of tlic diabetic patient to infection 
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Unfortunately, faulty carbohydrate metabolism is all 
too frequently not the only metabolic abnormality m 
diabetes As the disease progresses the other two 
elements, protein and fat, of the metabolic tnad are 
drawm into the field of abnormality and add to and 
finally even dominate the picture The body, unable 
to obtain its necessary store of energy from tlie most 
readily combustible source, carbohydrate, attacks the 
protein not only of the diet but also of the body tissues, 
increasing through the dextrose formed from protein 
whatever harmtui effect the abnormal dextrose content 
of the tissues may have, and leading, through destruc¬ 
tion of body tissues, to the extreme state of inanition 
sometimes seen m rapidly progressing and uncontrolled 
diabetes 

Of greater evil consequence for the body as a whole 
than incomplete carbohydrate combustion or excessive 
protein breakdown is abnormality' in the metabolism of 
fat The latter apparently requires for its complete 
and normal combustion the fire furnished by the oxida¬ 
tion of carbohydrate, and not merely that supplied 
by the utilization of dextrose but the hotter blast 
of glycogenneogenesis and glycogenolysis From the 
incomplete oxidation of fat there results a senes of 
effects which dominate the clinical picture of diabetes 
and bring about pathologic and physiologic changes 
more senous than those which exist before fat metab¬ 
olism becomes faulty The increase in blood lipoids 
that leads to macroscopic lipemia was probably known 
to tlie observant chnician long before the days of quan¬ 
titative clinical chemistry The degree and persistence 
of the lipemia may be a measure of the seventy of 
the disease Rabinow'itcli," working at the Montreal 
General Hospital and using the quantitative determi¬ 
nation of cholesterol m the blood as a measure of the 
degree of lipemia, found a direct relation to exist 
between the progress and prognosis of the disease and 
the degree of choiesteremia This was true in both 
children and adults With no or only slight increase 
in blood cholesterol, the diabetes is usually easily con¬ 
trolled by simple attention to diet, with a moderate 
increase, insulin becomes necessary, at higher choles¬ 
terol levels, both insulin and extreme restriction of diet 
become necessary and may fail unless the patient is 
under constant observation 

Incomplete combustion of fat leads not only to 
changes tliat require chemical methods for their detec¬ 
tion but also to morphologic tissue alterations Tatty 
change of the myocardium is not a negligible factor in 
diabetes Lipoid storage by the rctiailo-endofhchal 
svstem may lead to histologic changes simulating 
Gaucher’s disease, what the physiologic effect of such 
storage mav be is not definitely known iNfore senous 
for the patient is the effect of the persistent hpcmia 

2 Rahinor-itch I M The Cholcitercil Content of Blood nasma in 
Diabetes Melljtns A Statistical Stady Bi ed on T^ o Tliousand Oljscri'a 
tion« in Three Hundred and Fiijbt/Five Cases Arch Int Med 43tSrJ 
(■March) 1929 The Chole tcrol Content of the Blood I la ma m JuveniJe 
Diabetes A Statistical Slnd> ibid i3 372 (March) 1929 
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on the artenal system Gangrene due to artenal oblit¬ 
eration IS one of the frequent complications of diabetes 
Borchardt ® has shown that the artenal mvolvement is 
not characteristic of diabetes but, in its medial degen¬ 
eration and calaficabon and in its intimal atheromatosis 
with lipoid infiltration, is identical with semle arteno- 
sclerosis of tlie penpheral artenes The arterial disease 
occurs at an earlier age and with greater frequency at 
later ages in the diabetic than m the nondiabetic per¬ 
son, as was pointed out by Borchardt from postmortem 
studies, and more recently by Momson and Bogan * 
from roentgenologic study of calcification of the arte¬ 
ries From the similanty of the artenal lesion in 
diabetes to the expenmental aortic artenosderosis 
which can be brought about in rabbits by prolonged 
cholesterol feeding, resulting in cholesteremia, it is 
fair to assume that persistent lipemia is an important 
and determining factor in the artenosderosis that leads 
so frequently to gangrene in diabetes The increased 
incidence of cholelithiasis noted in diabetes by Josbn ® 
is probably to be correlated with lipoidemia Incom¬ 
plete fat combustion causes its most serious harmful 
effect m acidosis, winch is the dread and often the 
terminal complication of diabetes That disturbed pro¬ 
tein metabolism may be a factor m the causation of 
diabetic acidosis does not mimmize the importance of 
faulty fat metabohsm, since it is probably through the 
formabon of fat from intermediary denvabves that 
protein may have a ketogenic effect 


OLD AGE 

The natural end of man is old age and death, all 
of life IS but a preparabon for this sequel Few there 
are, indeed, w'ho are willing to accept this dictum of 
nature The struggle for youth is never ending and 
the useless hope for the miracle of rejuvenation is 
perhaps one of the impelhng mobves that animate the 
dying man to the end of Ins existence The subject 
IS one that has stimulated the philosophers since the 
earliest bines The latest contribution comes from 
Dr Aldred Scott Warthm,'’ professor of pathology m 
the University of Michigan, who brings to the con- 
siderabon of the subject a background of Imowledge 
of pathology such as is possessed by few if any others 
who have wntten philosophically on old age 

The active life of the pathologist invohes the study 
of effects of disease and wear on the structures of the 
human bod} He knows all about the body, from its 
beginning to its end, he know's the \anabons of its 
structures in all the penods of life and the anatomic 
changes that they represent, and he uses this kaiow ledge 

3 Borchardt II ttber die Verandeninpcti der Artenenmedia bei 
Spontancaiigran und jhre Bezicbung rum Diabetes ^ irchot^s Arch f 
path Anat 250: 521 1926 

•4 Momson L, B and Bogan I K Calcification of the \ essels in 
Diabetes J A M A. 92 1424 (April 27) 1929 

5 Joslm E. P Treatment of Diabetes Mellitus Phfladeipbia Lea 
and Febigcr 1928 p 540 

6 arlhin A S Old Age Iserv \oTk Paul B Hoeber 1929 


to interpret wnth the philosopher’s mind the c}cle of 
life Warthm’s study of the phenomena of old age 
and death is really a study of the cycle of human life 
It is instrucbie and sabsfymg not only m its inter- 
pretabon of the final penod of hfe but also m its 
desenpbon and interpretabon of life’s whole c}cle 

Warthm divides life into three major periods the 
period of evolubon, from concepbon to about the 
twenty-fiftli }ear in the female and the twenty-eighth 
year m the male, the period of matunty, to about fifty- 
five and sixtj-five, respeebvely, then the period of 
involubon, which he would put m the indmdual who 
arrives at the end of intnnsic senile death at approxi¬ 
mately ninety His thesis is that tlus is the natural 
cycle of human life, an intrinsic quality of its intalit}’', 
and that it is beyond man’s power to modify The 
biologic purpose of hfe is reproduebon, the continua¬ 
tion of the speaes for some future destiny, pierhaps 
state of perfection, w'hich we cannot glimpse, and that 
in this purpose “the individual machine is but a tem¬ 
porary, albeit necessar}^ incident in the hfe of the 
species, and the latter in its turn is also only an inci¬ 
dent in the grand march of collecbve life through 
the eons ’’ 

Throughout the penod of growth and even m 
matunty there are numerous structures, from the tail 
of the spermatozoon to such major structures as the 
thymus gland and the ovanes, that are destro}ed and 
disappear when their uses have been fulfilled and their 
funebons are no longer necessary The placenta, 
Warthm emphasizes, is espeaally remarkable m its 
life historj' “At the time of birth it is a semle struc¬ 
ture repeabng m detail the essential pathologic bssue 
changes that later are to appear in the major involution 
of the mature organism sclerosis of arteries with 
obliteration, fibrosis of stroma, atrophy and degenera- 
bon of the chononic epithelium, thrombosis, mfarchon 
of villi, calaficabon ’’ He finally clinches his argu¬ 
ment with this observ'abon “The point we wish to 
emphasize is that these early vascular changes are 
identical in knnd with those of the arteriosclerosis of 
later life, but that they are assomted with disuse and 
not with overuse Thej cannot be explained on the 
basis of a wcar-aiid-tcar or toxic etiolog} ’’ Old age, 
as revealed by Warthm, is the same purposeful process 
as the involution of tliese temporaiy structures, which 
he calls the minor involutions “The main differences 
between the minor and major mvolubons are those 
of degree, purpose and the organ or tissue involved 
The major involution, senescence, affects all 
of the vatal organs and functions, not for anj purpose 
of further growth and evolution, but for the purpose of 
getting nd of the organism, itself, as a whole This 
can mean but one thing the indivadual human machine 
has fulfilled its function, and, now useless stands in 
the wa} of the progressive evolution of the sjxicies 
In other words, the minor involutions take place for 
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the good of the single indnidual, the major iniolution 
for tlie good of the speaes ” 

This thesis is illustrated bj the course of eierj' In- 
ing thing from the insect which has a cicle of life 
measured m hours or the flower that Ines through 
one blooming and seeding season, to the cjcle of human 
life, and the C 3 cles of animals which Ine hundreds of 
>ears Obiious as the phenomena of the intrinsic life 
cycles are, men still try to aioid the idea that the aging 
process is normal and consider it rather as a progres¬ 
sive disease iMany great minds haie been possessed, 
if not obsessed, by this idea Brown-Sequard con- 
cen ed of age as a disease characterized by the sclerotic 
clianges m the lessels, iMefchnikoff earned the idea 
one step further b}'^ explaining these vascular changes 
b} intestinal putrefaction, ^''lCtor Horsley b) degenera¬ 
tion of the thiroid gland, Lorand and numerous fol¬ 
lowers of his by degeneration of all the ductless glands 
To these ideas Warthin comments “The modem 
scientifically trained biologist, how’ever, cannot look 
upon senescence and old age as disease processes but 
regards tliem as a physiologic entity, the result of 
iniolution processes inherent in the organism 
Age, the major involution, is due pnmanly to the 
gradually weakening energy charge set in action at the 
moment of fertihzation, and is dependent upon the 
potential fulfilment of function by the organism The 
immortalitj of the germ plasm rests upon the renewal 
of this energ} charge from generation to generation ” 

Incidentalh, Warthin pa}s attention to the currently 
exploited attempts at rejmenation 

More than thirti rears after Brown-Sequard s first experi¬ 
ments made m 1889, m the direction of establishing a relation¬ 
ship between semht} and tlie production of sex hormones by 
the sex glands this subject has again come to the fore in the 
actiie controlers) that has centered about the so called reju- 
lenation produced bj testicular transplantation (Voronoff) and 
ligature of the I’as deferens of the testis (Steinach) An 
immense mass of literature has accumulated, with results so 
contradictory that positne statements one wav or the other 
cannot be made at this time as to the real status of tlie ques¬ 
tions of the regeneraUon of sexual actmties bj these methods 
of transplantation and ligation If anj-thmg does result from 
these procedures it is quite cvndent that it is nothing more 
than a re-erolization, associated with certain endences of 
increased energv of tlie general metabolism There is no 
cvndencc that the transplanted testis produces anv secretion bj 
linng cells wlnt effects are produced are the results of 
resorption processes Tlie most recent workers agree that 
the Voronoff operation aside from the psvehical influence on 
the patient is without anv specific effect, cither on the sexual 
hlc or on the process of senescence That there could possible 
be anv arrc't o: semluv or a rejuvenescence m the broad 
sense of restoration to south bv the ^ oronoff operation is in 
ibc verv nature of things an ab urditv Age is a qualitj 
cbaractcnstic of all cells and tissues in llic liuman bodv , the 
cell chaugca of age are irrciersible There has been no cia- 
dcncc offered to show that either the Stcinach or the Voronoff 
oacralioa lAs ahroctated the cell changes oi senilitv or lias 
done anvahing more than to accelerate m «ome cases a dving 
seaual tuuction and certain feature, of the general metabolism 
cunnected therewith The cniv lunctions affected arc tho=e 
which depcnl upon sex ho-monc' In other words the 
so-called rejuvenation produced bv the sex hormones of the 
ir-asalantcd c tis o' bv ligation oi the vas is no rejuvenation 
m an* sense .-i tl e v ord but a re erotization v hollv 


It is a sad commentary upon the mentality and character 
of the senile human male that he should seek such a 
re-erotization of his fading function Such a process is not 
without Its hazards, it is another example of the dangers of 
putting new wine into old bottles as has been shown bv the 
sudden deaths of a number of rc-erotizcd old men Tlie ques¬ 
tion of the effect of ligating the vas deferens whether due to 
increased hormone production bv the interstitial cells as 
Steinach supposes, or to the resorption of the products of 
decomposition of the seminal epithelium, as claimed by qther 
observers, cannot be said to be fullv settled, although cvndencc 
IS accumulating to the effect that the interstitial cells are not 
glands of internal secretion but represent specialized reticulo¬ 
endothelial cells concerned in hpoid metabolism, and bearing m 
their size and prominence an inverse relationship to the func¬ 
tion of spermatogenesis We may therefore be assured that 
there is no rejuvenescence possible for the senile individual 
and that the idea of physical rejuvenation is but a myth of 
ancient lineage disguised in quasiscicntific garments 

The view of life, old age and death that lias been 
presented may seem depressing to one who longs for 
physical immortality Some of Warthin's sentences, 
for example, taken alone, must give this impression 
“From now on to the end of the third (the last) act 
he [the actor in the play of life] must portray tlic 
picture of gradually flagging desire and failing powers, 
of disillusionment, fading pleasures, in other words, 
the portrayal of senescence, unPl his role ends in ulti¬ 
mate death ” But as a matter of fact the philosophy 
of his book IS not pessimistic and its effect is not 
depressing It has the cheerfulness and optimism that 
come from a courageous and honest facing of facts 
“But if age IS inevitable, what shall be done about it? 
Meet it, of course, with courage and common sense, 
as something in the day’s work, not pleasant wholly, 
but as the final turn of the screw, to be endured with 
that fortitude that in endunng acquires a quality of 
satisfaction kloreover, the possibilities of normal old 
age are great, it is the period of npeness of expenenccs 
and observation, of the contemplation and philosophical 
evaluation of the world about us, of quiet brooding and 
the creative possibilities engendered b^ such 
Since the mental jjowers are preserved longer than any 
other function in senescence, happy is that man who 
comes into his old age with the capacity for intellectual 
pleasures fullv developied, not in one line alone, but 
in many, m literature, art, music and saence ” The 
book ends with the jycrtinent and beautiful quotations 
from Cicero, Hanev and Goethe 

Whatever is natiinl must be accounted good. When death 
comes to vouth Ivature is up in arms and revolts Ycl to 
old men, what is more natural than dving?’—Cicero 
Do Sencctute 

Tlie eternity of things is connected with the reciprocal 
interchange of generation and dccav , and as tlie sun now in 
the cast and then m the v cst completes the measure of time 
bv bis ceaseless revolutions, so arc the fleeting things of 
mortal existence made eternal through incessant chan,c 
and kinds and species arc perpetuated though individuals 
die. —V3illiam Harvev De Gcncratione 
Keine Kunst ist s alt zu werden, Es ist Kunst, es zu ertragen. 

—Goethe 

To grow old gracelullj—that must be enough for 
an\ man 
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THE MECHANISM OF FAT ABSORPTION 
Most wnters who deal with the mode of absorption 
of fat from the alimentary tract are at present inclined 
to the view that it is disintegrated by lipolytic enzjmes 
into fatty aads and glycerol before it penetrates the 
intestinal barner ^ As the lymph stream that cames 
the products of absorption away from the intestine 
contains neutral fats, it is assumed that a resynthesis 
of the liberated fatty aads to fat occurs somewhere 
along the route between the lumen of tlie bowel and 
the lymphatic channels One nould expect the locus 
of such changes to be m the cells of the intestinal 
mucosa Sinclair * has pointed out that the resynthesis 
of fat IS assumed tacitly to be simply a reversal of the 
hydrolysis which takes place m the lumen of the intes¬ 
tine, that IS, it IS enzymic in nature Net ertheless, 
attempts to demonstrate m vitro the synthesis of fat 
from Its split products in the presence of hashed 
mucosa have been either inconclusive or definitely 
unsuccessful As the mucosal cells alnays contain 
phospholipids. It has also been thought that they might 
be an intermediary stage in the resynthesis of fat from 
its absorbed constituents If this is true, the phospho¬ 
lipids of the mucosa, and more particularly their con¬ 
stituent fatty aads, should assume the charactenstics 
of the fat that is being absorbed 
A test of the hj^pothesis has been attempted at the 
University of Rochester School of Medicine and 
Dentistry by Sinclair The general plan of the 
experimentation was to feed a fat of pronounced 
charactenstics and to observe the effects on the amount 
and nature of the phosphohpid of the intestinal 
mucosa The expenments have shown that whereas 
there is no significant change m the phospholipid fatty' 
aad make-up of the muscular structures either in the 
intestine or elseuhere in the body dunng the absorp¬ 
tion of fat, there is a pronounced change in tlie 
composition but no change in the amount of the 
phospholipid fatty acids of the intestinal mucosa and 
of the Iner Apparently tliere is an incorporation of 
absorbed fatty acids into the phospholipids of the intes¬ 
tinal mucosa According to Sinclair’s view, within the 
epithelial cells of the intestinal mucosa there is a “spe- 
afic” phospholipid which occupies an intermediary 
position between fattv aads and neutral fat It is an 
invariable characteristic that the amount of phospho¬ 
lipid remains constant As soon as fatty acids arc 
absorbed into the epithelial cells, molecules of the 
“specific” phospholipid react wth the free fattj aads 
(or soaps) to form neutral fat, immediatel), howeier, 
tile phosphonc aad-base complex unites with absorbed 
fatty aads and ghcerol to form phospholipid, therebj 
maintaining die amount constant The s}Tithesized 
molecules of neutral fat, being insoluble in the cell 

1 The lubject is rcMCued by Bloor ^\ R- PbysioL Rev 2 92 
Qan ) 1922 

2 Sinclair R G The Role of the Phospholipids of the Intestinal 
Mucosa m Fat Absorption J Biol Chem S2 117 (April) 1929 


fluids, coalesce and form the droplets that are so 
typical of the process of fat absorphon In this man¬ 
ner the neutral fat is made inactive, and the reaction 
proceeds until all of the absorbed fatty aads haie been 
synthesized into neutral fat 

Despite the suggesti\ eness of the theory of succes- 
sne fat clear age and resjmthesis pnor to and dunng 
absorption, one cannot entirely disregard the indica¬ 
tions funushed bj Mellanb} that neutral fat emulsified 
wnth bile is freety absorbed from the duodenum into 
the lacteals of animals in which both tlie pancreatic 
duct and the biliary duct have been ligatured Per¬ 
haps, after all, some emulsified fat can pass freely into 
the columnar cells of the rillus without prenous 
hydrol3'Sis into fatty' aad and gtycerol 


MANUFACTURED WEATHER 

The so-called present high standard of living, w'hich 
contrasts so markedly w'lth that of a generation ago, 
depends for its maintenance on arcumstances ansing 
m large scale production and standardization Perhaps 
no more striking charactenstic of modem industry can 
be mentioned than its gradually developing indepen¬ 
dence of nature It is only by the assurance of 
dependable umfomiity m supply of raw' matenal, in 
transportation and in mechanical power that quantity 
production with the net gain to the consumer has been 
made piossible One of the factors of large importance 
to many industnal processes is grouped under the 
term “atmospheric conditions ” In a recent account 
Lindsay ^ has described the nse of the new- i entilation 
engineenng and has pointed out the wide application 
already made of this speaalty in a variety' of industnes 

The temperature, moisture and moiement of air are 
of considerable importance in mam manufacturing 
processes, in the past, the location of mills frequent!} 
depended on the preiading atmosplienc conditions of 
a region The situation is now largelj changed and, 
b} the use of the newer methods of air conditioning, 
materials can be dried or made moist, rapidty or slow 1} 
at any temperature desired Such procedures as the 
drying of potter}, the curing of tobacco and the 
moistening of leather for the uppers of shoes are now' 
in man} plants dependable and under perfect control, 
requiring far less time and floor space and resulting 
m a more uniform product wnth less breakage and 
spoilage than with the older methods The manufac¬ 
ture of ra\on, of which 98,000,000 pounds was made 
in the United States last }ear, requires controlled air 
conditions throughout the process The milling of tiie 
finest grades of flour inaohes an accurate adjustment 
of temperature and moisture conditions in the atmos¬ 
phere, while the processing, wrapping and scaling of 
man\ of our food products is possible on a large scale 
onl} because the air m the factones is “manufactured” 
to order 

1 Lindsay D C J IndajL Enem. (Them 21 502 1929 
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It IS obvious that, when the air of a manufacturing 
plant IS conditioned, the persons emplo 3 ed are bene- 
fited Since happiness and efficiency are increased 
when people are physically comfortable, many installa¬ 
tions of air-conditionmg apparatus hare been made for 
this purpose alone Furthermore, unifonn air condi¬ 
tions during working hours tend to minimize the 
economic and industnal losses from the common 
so-called respiratory' diseases The use of cleansed, 
cooled and dehumidified air in summer and of warmed 
and properly humidified air in winter cannot but add 
to the enjoyment of a performance in a mone theater 
While modern industry is thus increasingly availing 
itself of tile products of scientific research, the effects 
on the indiiidual employee are not alivays so beneficial 
as in the case discussed, indeed, the circumstances 
surrounding the manufacture of certain widely used 
products may constitute an mdustnal hazard of the 
most dangerous ty'pe Only recently attention has been 
directed in these columns ^ to the insidious effects of 
the radiations from radium paint used to letter watch 
dials, speedometers and similar pieces of apparatus 
The outlook for those affected is so hopeless that 
renewed emphasis should be given to the tremendous 
importance of enforced prophydaxis, and nothing should 
be left to chance or perfunctory advice The fabnc of 
modern society is so complex that progress made in 
one direction usually necessitates readjustments, not all 
of uhich are happy 


Current Comment 


THE SIGNIFICANCE OF THE 
KAHN REACTION 


Physicians are at times in a dilemma when con- 
sidenng the diagnostic significance of tests for sy'philis 
Aside from the innumerable modifications of the 
Wassermann test, there are in use today a considerable 
number of precipitation tests The bnnging together 
by the League of Nations Health Committee ® of the 
authors of methods or of modifications and having 
them examine the same serums with their respective 
methods vas an important step in assessing the value 
of various tests The Kalin test evidently stood out in 
the four cnteria for a good metliod, namely, prac- 
ticabihtv, specificiU, sensitiveness and clear-cut reac¬ 
tions Onh a few years ago this test was looked on 
wath academic interest, tlie belief being still prevalent 
that It would be impossible for any test to replace the 
well established W assemiann test The wide use which 
the Ivahn test has been attaining m this country and 
abroad is clearly justified in view of the superior 
results that it gave at Copenhagen in companson wath 
other intemationalh known tests for svphilis Because 
ot the importance of laboratorv tests in the diagnosis 

2 Radio or: tivitx of Bone editorial JAMA O? H4/ (\prn 2"^ 


pf Sc'OTtl Lalio’nto j 
X Gce o" tons 

t 'T'l Nctrs Ti r Jocc al* Jen 


Conference oa ‘'er‘Kli3'*rosis ff S ih 
Health Or^nctraticm See *-lso 

22 1929 page 2111 


and the treatment of syTihihs, it was natural that the 
acceptance of the Kahn test by chmaans should have 
been slow From now on, however, this test will 
undoubtedly attain still wader use 

THE PHYSIQUE OF MEN OF SCIENCE 

There is a wadespread impression that those persons 
who should be most familiar with the fundamental 
pnnciples that make for human well being are all too 
often indifferent to their implications Physiaans who 
devote much of their time to the inculcation of the 
dictates of personal hygiene are as a class prone to 
neglect in their own daily lives the practices of health¬ 
ful living tliat tliey insistently impose on others 
Scholars in many walks of life are often assumed to 
be seemingly forgetful of the adage mens Sana in cor- 
pore sano The cartoonist is more tlian likely to repre¬ 
sent the tj'pical college professor as a person of frail 
structure who appears to struggle through life with the 
self-imposed handicap of a neglected body Pasteur 
remarked that science should be the highest personifi¬ 
cation of nationality because, of all the nations, that 
one wall be foremost which shall be first to progress 
by the labors of thought and of intellect Such emi¬ 
nence IS not likely, however, to be achieved by physical 
weaklings Fortunately, observations that have lately 
been completed by Ales Hrdlicka ’ of Washington giv e 
no occasion for the traditional beliefs about defective 
or infenor physiques, at least so far as Amencan scien¬ 
tists are concerned He has carefully measured without 
choice a hundred members of the National Academy of 
Sciences This represents about half of a membership 
ngidiy selected from among the foremost representa¬ 
tives of the different saences They are, therefore, a 
selected group of high-class brain w'orkers The most 
sinking fact brought out by Hrdlicka’s examination is 
that tliese men, barring rare exceptions, are in no way 
infenors but rather superiors in physique, strength, 
health and longevity, as compared to the American and 
even the Old Amencan population at large It is dea- 
sively not a case of strong minds m weak bodies but 
of strong minds with strong constitutions Further¬ 
more—and this Hrdlicira regards as espeaally signifi¬ 
cant—tlie head (and hence presumably also the brain) 
of the members of the academy exceeds in size not only 
that of the population at large but even that of the well 
educated and professional Old Amencans It is clear, 
he adds, that outside of the prevalence of above-thc- 
average physique and above-the-average size of hevd, 
the highly talented men of science conform in their 
traits with the racial groups to which they belong One 
may conclude with the Washington anthrojiologist, 
that in all probability, in science at least, the strongest 
and ablest healthy minds go generally with strong, 
healthv bodies, that intensive prolonged mental work 
IS concomitant vvitli larger-than-av erage head and brain, 
and, finally, that such intensive mental work evidentiv 
does not tend toward a shortening of the life of the 
workers Perhaps this will at last dispose of the con¬ 
ventional belief that an eminent man of science is a 
person one-sided in mind, with a frail or neglected bod' 

I Ifrd icl a Alcrf ^IeasJ^c^JeTf ^ of One Hundred Members of tb 
Aca tmy and What They Show Science GO 503 (5Iar 10) 1920 
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Association News 


MEDICAL BROADCAST FOR THE WEEK 

The American Medical Association Morning Health 
Talks and Evening Health Hints from Hygeia 

The American Medical Association broadcasts dail> at 
11 15 o clock in the morning, central dajlight sanng time, over 
Station WBBM (770 lalocjcles, or 389 4 meters) 

The program for the week of July 8-13 will be as follows 

July 8 Medical New* by Dr J F Hammond 

July 9 Why Fear an Anestbetic? by Miaa Mildred Whitcomb 

July 10 Mental Fatieue, by Mm Lou Stice. 

July 11 The Girl Who Grew Up Too Soon " by Miss Mildred 
Whitcomb 

July 12 Medical News by Dr J F Hammond 
July 13 Hunger and Thirst by Mr Cecil Bean 

Evemng Health Hints from Hygeia, 8 o’clock. 
Central Daylight Saving Time 

July 8 Skimmed Sunshinc- 
July 9 Purifying Cannery Waste 

July 10 Economic Factors Help Bnng on Tuberculosis 
July 11 Garlic Scents Breath for Seventy Two Hours. 

July 12 Shyness is a iicntal Disease 

July 13 College Students Hust Learn How to Eat 


Medical News 


(PnvsiciAKS WILL conrEa A pavoe bt sendikg eor 
intS DEPARTUENT IIEU3 OP NEWS OF MORE OR LESS OEM 
ERAL INTEREST SUCH AS RELATE TO SOCIETY ACTIVITIES 
NEW HOSPITALS EDCCATtON PUBLIC HEALTH ETC ) 


CALIFORNIA 

Chiropractor Given Life Sentence —Arthur O Berg a 
chiropractor of Los Angeles, after serving eight months in San 
Quentin Penitentiary, returned to Los Angeles in May for a 
new tnal, the decision of the lower court having been reversed 
Berg pleaded guilty to a charge of manslaughter as a result 
of criminal abortion which resulted in the death of a IS year 
old university student He withdrew his plea of guilty but was 
convicted at the second trial and sentenced to life imprisonment 
at San Quentin (The Journal, Sept IS, 1928 p 806) 

Dr Bolt Goes to Western Reserve —Dr Richard A Bolt, 
assistant professor of child hygiene and lecturer in pediatrics 
Universit} of California, has resigned to accept an appointment 
as director of the Oeveland Child Health Association associate 
professor of lijgiene and public health, Western Reserve uni 
versitj Oeveland, and associate in preventive pediatrics at tlie 
medical school Dr Bolt has been at the Umversitj of Cali¬ 
fornia since 1925 He is a graduate of the University of kfich- 
igan kfedical School and of Johns Hopknns University School 
of Public Health 

Society News —The Northern California hfedical Golf 
Association held a tournament at Sonoma Mission Inn, 
June IS Suggestions as to future tournaments should be made 
to Dr Harry E Alderson, 490 Post Street, San Francisco 

-The National Research Council has given about $1,500 to 

the University of California for sex research to be carried on 

by Dr Herbert M Evans-The attendance at the recent 

state medical meeting at Coronado exceeded anj prev ions regis¬ 
tration by 302-Si\ lepers from California were sent to the 

national leper home at Carnlle La Maj IS Four of them 
were from San Francisco one from Oakland and one from 
Los Angeles Since 1922 California has sent eiglitv eight 
lepers there, nearlv all of whom were Jtcvicans and Onentals 
Leprosy Organism in Man and Rat—In addressing the 
Western Societj of Naturalists at Bcrkelej Ernest L. Walker, 
S D professor of tropical -medicine Universit} of California 
Medical School, expressed the conclusion that the organism 
causing leprosv in man is identical watli the organism causing 
Icpros} m rats It belongs, he said among Actmoinyccs Since 
the lepros} bacillus was discovered in 1871 bj Hansen, its 
artificial cultivation has been unsatisfactorv, producing usiwll} 
forms having apparentl} no relation to the baalliw fonjid m 
the lesions The organism is not a simple bactenum Dr \v alker 
said, but It assumes a vanetv of forms during its life historj 


He believes that the actmomjees of leprosj is a saprophvde 
which lives in the soil and only b} chance becomes a parasite 
on gaimng admission into man Stefansky in 1903 found tliat 
a disease exists in rats closel} similar to lepros} in man 
Dr Walker said the} have been able to culhvate the rat 
organism and have found it to be an actinomvces Thev inject 
rats regularl} vnth these cultures and have recovered the 
orgamsm after more than a }ear Although their senes of 
rats amount to hundreds a case of cutaneous lesions has not 
vet been produced Their research, he believes, will tlvrovv 
light on human Icpros} and provide a means of provin" tlie 
etiologic relation of the soil actmom} ces to the disease 

Personal —Dr Jacob Schwarz, San Francisco, is reported 
to have been wnlled $6,500 by the late Helene Brock, aged 70, 
of New York Dr Schwarz attended Miss Brock when she 

was ill m San Francisco in 1925-Dr Rupert G Doupe has 

been appointed health officer of the cit} of Tehachapi to succeed 
Dr Clara M S Rinehart-Dr Ra} Lj-man IVilbur, Secre¬ 

tary' of the Intenor gave the commencement address at Stan¬ 
ford University, June 17 1 071 degrees were conferred the class 

being the largest in the history of the university-Karl F 

Meyer, Ph D, professor of bactenology and director Hooper 
Foundahon for Medical Research, University of California, has 
gone to Europe to study malta fever and public health problems 

in the canning industry-Robert G Sproul vnee president 

and comptroller of the University of California, has been 
made president of the university, effective Julv 1, 1929, on the 
retirement of Pres William W Campbell, LL D Dr Sproul 
IS 38 years of age, a native of California, a graduate of the 
university in civnl engineenng and has the degree of LL D 

conferred by Occidental College.-Dr Edgar Van Norman 

Emery has resigned as director of the Los Angeles Child Guid¬ 
ance Qinic to accept a position at the newly organized Institute 
of Human Relations at Tale University, New Haven, Conn 

-^John F Kessel has been appointed associate professor of 

bactenology and parasitology at the University of Southern 
California School of Mediane. 


How Many Physicians Are Licensed’—^The new' 
edition of the Amencan ifedical Directory which has just 
been completed, contams the names of 168 201 physiaans 
who are licensed in the United States and its possessions 
and Canada In this number are about 12,000 names which 
did not appear m the edition published two years ago The 
actual increase in names over the preceding edition of the 
directory is, however, only about 4,199, because of the fact 
that nearly 7,000 have died since the tenth edition was 
published 


GEORGIA 

Changes in Medical Faculty—The president of the board 
of trustees of the University of Georgia has announced the 
appointment of Dr James E Rush as head of the department 
of public health, effective at the beginning of the next school 
year, and of Dr Ench W Schwartze as head of the depart¬ 
ment of physiologv, succeeding Dr William Salant resigned 
Dr Rush 15 domg graduate work at Yale Univcrsitv pre¬ 
viously he was professor of public health at the University of 
Kentuckv, Lexington Dr Schwartze comes to Augusta from 
the University of Pittsburgh 

Society News —The Fulton County ktedicat Society was 
addressed June 20 by Drs Hal C Miller on Pyloric Obstruc 
tion Follownng Appendectomy ’ ifadison Hines Roberts, on 
Breast Milk,’ and William L Champion and Major F Fowler 

on Gonorrheal Arthritis’-Dr Charles T Rcllans has 

rcsipied as chief physiaan at the United States Federal 
Penitcntiarv Atlanta to devote Ins Dme to private practice 

-The Fulton County Medical Society was addressed June 6 

bv Dr Qiarles W Roberts on differential diagnosis of acute 
apjicndiatis, Dr John B Fitts New Ideas of Food and 
Nutrition" and Dr Frank K. Boland, mortality of acute intcs 
Dnal obstruction 

Tuberculosis Facilities Inadequate —The tuberculosis 
situation of Atlanta and Fulton County has been impronng for 
vears but the facilities are considered still inadequate Tlic 
Bulletin of the Fulton County Medical Society says there is a 
waiting list at Battle Hill of more than 200 and at Alto of about 
150 and it requires months to get a patient into these institutions 
The tuberculosis death rate in Fulton County in 1928 w-as 146 2 
per hundred thousand of population The local tuberculosis 
associaUon believes Atlanta should have a nursing home where 
patients could be sent to have the advantage of a sanatorium 
and at the same time be treated by their own family phys cian 
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jf they desire Good work is being done at present among the 
diildren and it is believed that the general tuberculosis situation 
will continue to improve. The cooperation of the practicing 
phvsicians of the count} is requested 

ILLINOIS 

Community Celebrates General Practitioner’s Birth¬ 
day —Hundreds of friends gathered in the g}mnasium of the 
high school at Mount Zion June 9 for a banquet to celebrate 
the seventieth birthda} of Dr Sheffie R. May, who has prac¬ 
ticed there about fort}-two }ears This appreciation of 
Dr lila}’s servuce to this community was sponsored by the 
Commercial Club and was attended bv friends from outlynng 
districts where the guest of honor had often gone to serve 
them Dr Ma} was presented vnth a watch and chain, and 
Mrs May with a diamond brooch The number present may 
be estimated from the fact that 35 gallons of ice cream was 
served 

Personal —Dr Edward S Murphy, Dixon, has been elected 
president of the Alumni Association of Rush Medical College 

for the ensuing vear-Dr Herman L Horwitz has resigned 

his position as assistant medical director of the Cook County 

Tuberculosis Hospital, Oak Forest, effective July S-After 

nearly ten vears' service as health commissioner of the city of 
Rock Island Dr Albert N Mueller, has resigned and announced 
his retirement from the general practice of medicine, w which he 
has been engaged for about twenty-two years His successor 
will be Dr Ralph Dart, who was health commissioner previous 
to the time that Dr ifueller w'as appointed. Dr Dart has been 
practiang in Rock Island since 1904 

Chicago 

Personal —Dr Otto F Kampmeier has been appointed head 
of the department of anatomy of the University of Illinois Col¬ 
lege of jNIediane to succeed the late Prof Victor E. Emmel 

-Dr Zoia Tschoumacova, recently of Chicago and formerly 

in practice in San Francisco, has accepted a position on the 
medical staff of the Northern Colony and Trammg School at 

Chippewa Falls Wis-Dr Robert A. Black, professor of 

pediatrics, Lovola University of Medicine, will have charge of 
the new $300,000 La Rabida Sanatonum in Jackson Park, 

V hich wall soon be under construction The sanatonum will 

care for children who have heart disease-Dr Egil T Olsen, 

vho resigned as supenntendent of the Englewood Hospital 
about four months ago has been appomted superintendent of 
the Receiving Hospital Detroit 

From Gongs to Sirens —The Chicago School of Sanitary 
Instruction whose bulletin is edited by the city health commis¬ 
sioner, devotes a recent issue to noise as a menace to health 
Tests made on normal subjects it is said, showed that 19 per 
cent more cnergv was required to perform certain duties in 
noisy locations than was required to perform tliem in quiet 
locations Noise that is not suffiaent to wake a sleeping person 
wall cause his muscles to remain tense as long as thirty minutes 
Sleep under such conditions is not refreshing Sanitary engi¬ 
neers have made tests in Chicago by means of the audiometer 
an instrument which determines the volume of noise in any 
localitv on a percentage basis The continuous sound or com 
inunitv noi'e which ihev found in vanous localities varied from 
8 to 10 per cent in the countrv to 15 per cent in the suburbs 
Irom 25 per cent in residential districts to 35 per cent in indus¬ 
trial districts and up to 40 per cent in the loop The increase 
m noise in Oiicago is further shown bv the fact that it has 
become ncccs^arv for the fire and police departments to use 
sirens, while five vears ago thev used gongs Noise is now a 
ccrious problem. Several hospitals are considering moving to 
quieter areas and the number of protests received by city 
aulhontics against noises is increasing each year The Chicago 
School of Sanitarv Instruction is conducting studies with a 
view of presenting details to the legislature for the enactment 
of laws whidi will aid in controlling unnecessary noise 

KENTUCKY 

Society News —Dr James Vernon Pace, Paducah has been 
elected president oi the Southwestern Kentucky Medical Asso 

ciation tor the ensuing vear-^The Bourbon County Medical 

'^ocictv Pans was addressed kfav 9, on 'Toxemias of Preg- 
iiancv bv Dr Scott D Breckinridge, Lc.\ington-^Dr Wil¬ 

liam F Wnc Indianapolis sccrctan Indiana State Board of 
Hcaltlu addressed the Fountain-V arren Countv ifedical Societv 
Covin-don lunc o on Lrdulant or Malta Fever’ This v as 
the annual W aba'h River catfi'h dinner meemg- — Dr Clar¬ 
ence T Brocman Cmciimati addressed the Scott Countv Mcdi 
cal ‘^oai.v Georgeto vn. lune 6 on Treatment of Caneer of 
the FunJuD --The model of the statue of Dr Ephraim 


McDowell, which w'as placed in the Capitol Building at Wash¬ 
ington a few months ago, has been procured by the Kentucky 
State kfedica! Association, and will be installed in the capifol 

at Frankfort,-Dr Gordon B Underwood, Evansville, Ird 

conducted a skin clime before the Daviess County Medical’ 
Society, Owensboro, June 11, and addressed the soacty it a 
banquet 

MASSACHUSETTS 

Esculapins’ Family on the Stage —A plav entitled "Escu- 
lapius,’ written by Dr Barbara Ring of Arlington Heights, 
was staged, June 23, on the occasion of the fiftieth anniversary 
of the Ring Sanatonum and Hospital The time was 1329 
B C, the place, Epidaurus, Greece, and the setting the Temple 
of Esctilapius, dedicated to Apollo Among the characters were 
the daughters, Panacea and Hygeia, the mother Epione, and 
the sons, Machaon and Podalinus Apollo’s part was played 
by the well known actor Alan Hamilton The play depicts the 
practice of medicine in ancient times and portrays the ideal 
physician Esculapius, on whom the god of the lower world 
reaped vengeance for restoring the sick and thus withholding 
their shades Apollo then comes to earth and raises Esculapius 
to the realms of the gods and dedicates to his followers his staff, 
the caduceus, which remains to this day the symbol of the 
profession The principal parts m this presentation were taken 
by Boston professional and amateur plavers who were assisted 
by the choruses from the Arlington and Belmont women’s clubs 
It was presented in the open garden of the Ring Sanatonum 
before an audience of 1,200 

MINNESOTA 

Personal—Dr William J Mayo, Rochester, received the 
honorary degree of doctor of science from Marquette Univer¬ 
sity, Milwaukee, June 12, on which occasion he delivered the 

commencement address-Dr Fredolph H Magney has been 

elected chief of staff of St Luke’s Hospital, Duluth for the 

ensuing year-Dr Charles H Mayo, Rochester, will address 

the British Medical Association at Manchester in July on "The 
Mechanism of Abdominal Pain ’’ 

Club Proposes Postage Stamp to Commemorate Mor¬ 
ton—At a meeting of the Exchange Club of Duluth June 10, 
a resolution was adopted requesting that the U S Post Office 
Department commemorate the name and achievement in the 
forthcoming new senes of postage stamps of William Thomas 
Green Morton, Boston, who, the resolution says, “discovered 
and promulgated the anesthetic effects produced by the inhalation 
of sulphuric ether ’’ 

Society News —The Southern Minnesota ifedical Assoaa- 
tion spent the afternoon of June 15 on the Mississippi River 
near Winona at the dinner Dr Arthur R kleU, Chicago, 
presented motion pictures of big game hunting in Africa Other 
speakers were Drs Hans hf Lichtenstein, Winona, on injection 
treatment of varicose veins, and Everett K. Geer, St Paul, on 
iodized oil in the diagnosis of thoraac conditions Clinics were 
held by Drs James T Chnstison and Ernest M Hammes, both 
of St Paul, and by Dr Owen H Wangensteen, Minneapolis 

Horsley Prize Awarded to Dr Horton —The John Hors 
ley Memorial Prize for 1929 has been awarded to Dr Bavard 
T Horton of Rochester, for a thesis entitled "A Study of the 
Pylonc Block with Special Reference to Musculature, Sfyen 
teric Plexus and Lymphatics ’’ The iprize, given by Dr John 
Shelton Horsley of Richmond, Va is awarded biennially by 
a committee of the University of Virginia Eacultv to medical 
graduates of the Universitv of Virginia of not more than fifteen 
vears’ standing for a thesis representing onginal work on some 
surgical subject The prize consists of the income for two 
vears from a gift of 510,000 and amounts, therefore to ibout 
§1 (XH) Theses in comjietition for the next award must be 
received by the chairman of the committee. Dr Edwin P 
Lehman, Umversity, \ a, by Feb 1, 1931 

NEW HAMPSHIRE 

Another Kind of Behavior Clinic —The first behavior 
clinic on the mental hygiene program of the state board of 
health was held at Durham, June 5 in connection with a reg 
ular conference for babies and children of preschool age con¬ 
ducted by the maternity, infancy and child hjgienc division 
Sixtv-six children attended the conference This new worl is 
To assist parents to avoid bad mental habits in children After 
the children v ere physically c.xamined, they v ere passed on to 
the psychologist The state board 'avs that almost v itlioat 
exception parents approvxd this worl and tliat most oi them 
had problems v hich Ihcv wished to di^cnss v ith the ps,dio’- 
o-'i't It 15 planned to hold these clinics throughout the ' 
roHow up work V ill be done by nurses The piysical exam- 
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inations at the first clinic were conducted bj Drs Albert E. 
Grantj Durham, and rranUin N Rogerg Manchester, and the 
behavior clinic b> Dr Anna E C Rudd Durham, and Mrs 
D. A Phillips, psychologist to the University Nursing School 

NEW YOEK 

Society News —The Medical Societj of the Countj of 
Alban> was addressed, June 26 bj Dr Phihp L Forster, 

Albany, on “The Orr Treatment of Osteom 3 ehtis ’-The 

Fulton Academj of Mediane has appointed a committee to 
inaugurate a memonal day for deceased phj sicians The emblem 
for marking tlieir graies mil be the caduceus 

Facing an Enormous Mental Problem.—In seven jears 
the people of New York have approi'ed bond issues totaling 
hl50,000,000 to provide care for their people vho are mentally 
ill Now the governor is urging the legislature to perrmt 
another ?50 000,0(X) bond issue to go before the people this fall 
There is said to be one mentally ill person in everj fi\ e families 
in tlie state. Dunng 1928, there were under treatment in the 
fourteen cml state hospitals for the insane, 58,354 patients in 
addition to the 9 124 m the four state schools for mental defec¬ 
tives and the 1,890 in the institute for epdephcs Overcrowd¬ 
ing in some of these hospitals is said to be shocking amounting 
on April 1, to 10 625 M'hile the state is building the largest 
hospital for mental patients m the world at Brentwood in Suf¬ 
folk County (eighty buildings will eventually be erected) sev¬ 
eral years mil dapse before this entire facility will be available 
Tfus hospital, vvhich was named in honor of Dr Charles W 
Pd^rim, wall cost about §30 000,000 and accommodate 10000 
pa&nts Glovemor Roosevelt has considered calling a special 
session of the legislatime to provide for another bond issue, 
and a committee of the legislature has been inspecting the 
state hospitals The committee seems to hold the opmion that 
suffiaent funds have already been made available by the legis¬ 
lature through the two bond issues and appropriations from 
current revenue to house properly and care for the patients 
The committee believes there has been an unwarranted delay 
m the state architect’s othce in carrymg forward new construc¬ 
tion It pointed out instances wherein four years had elapsed 
after the money was provided before the beds became available 

New York City 

Personal —A portrait of Dr Ma-\ Rosenthal dean of the 
staff of Sydenham Hospital, was presented to the institution 

June 13-Dr Haven Emerson, professor of public health 

admmistrabon, Columbia University College of Physiaans and 
surgeons gave a senes of addresses June 5, under the auMices 
of the Mooning County Medical Society Youngstown Ohio 

-^Dr James J Walsh, who has been reelected president of 

the Catliolic Writers Guild of America guest of honor and 
prmapal speaker at the annual banquet of St Louis University, 
St Louis, June 3 

Oldest Hospital Has a Deficit—The New Aork Hospital, 
whose charter was granted in 1771 by King George III of 
England, recently celebrated its one hundred and fifty seventh 
anniversary Tlie annual report showed that dunng 1928 the 
hospital operated at a deficit of §163,264 About 45 per cent of 
Its ward semee was given free to needy patients and about 40 
per cent of its outpatient semee The New York Hospital in 
cooperation with Cornell University, has just started construc¬ 
tion on a great medical center on the East River, to which it 
will move when the buildings are finished 

Health Department Hopes to Abandon Clinics —In con¬ 
ducting the campaign to eliminate diphtheria the city health 
department has found that parents who would prefer to pay a 
small fee to have their children immumzcd bv a private phv sician 
tal c them to one of the special stations maintained by the depart¬ 
ment because they fear tliat the phy sician s fee might be too 
high The Diphtliena Prevention Commission with the coopera¬ 
tion of the New Y’ork County Medical Society will circulanre 
physiaans m Manhattan to ask whether thev will set aside cer¬ 
tain hours to give toxin antitoxin to children for S2 an injection 
The health department prefers to hav e these immunizations done 
by private physicians It hopes the profession will assume this 
and other sirralar responsibilities and thus make possible the 
gradual abandonment of many of the clinics health stations and 
other achvatics whicli tlie department feels it has been compelled 
to establish to meet the present situation. 

Fraudulent Health Inspector Bibeau Imprisoned — 
For several months Joseph Bibeau an imposter went about 
representing himself as an insjiector of the New \ork Citv 
Department of Health victimizing restaurateurs barber shops 
and beauty parlors bv collecting 810 lor the rcneval of tlieir 
I'cmiits When first arrested sometinic ago on Staten Island 
Bibeau v as rJeased on bail and he immediatelv resu-ned his 


illegal operations in otlier parts of town He was rearrested in 
Mav and found guilty and was sentenced, June 3 to the work- 
house for an indeterminate sentence whicli means, it is said from 
SIX months to three years Bibeau s record showed that he had 
served prior jail sentences A letter from the Ohio State 
Medical Board m 1920 stated that one Joseph Percy Bibeau was 
licensed to practice electrotlierapv and was then located m 
Oeveland. There is also on file a clipping from the Cleveland 
Plain Dealer in 1914 of an advertisement of ‘ Dr J P Bibeau 
229 Colonial Arcade to remedy flat noses, hollow cheeks and 
falling hair This Air Bibeau was born m France 

Quack Gnldenherg Convicted—Salvi Goldenberg who 
dubs himself “Professor,” was convreted in Special Sessions 
Court New A’ork County, Alav 26 1929, of practicmg medicine 
illegally According to reports, Goldenberg came to New Aork 
from Vienna five years ago and began to practice physical 
therapy As the law requires that such practice shall be at 
least under the supervision of a licensed phvsiaan, Goldenberg 
seems to have obtained the help of Dr Joseph P Essner and 
later. Dr J Alanno Goldenberg told a woman who went to 
Ills office that she was suffering from gallstones and is said to 
have offered her a preparation, which he guaranteed would cure 
her, at §2 a bottle. It was necessary for the patient to take 
twenty-four bottles V hen the ‘mediane was tested b^ the 
cliemists of the health department it was found to consist of 
994 parts of water and no medicinal agents Part of the evi¬ 
dence presented m the Goldenberg case was a senes of contracts 
wntten in German m which were promises to cure gallstones, 
diabetes and otlier ailments 


Who Is Practicing Abroad?—The eleventh edition of 
the Amencan Aledical Directory, which is now ready to 
ship, contains, for the first time, a list of American phvsi- 
aans who are located m foreign countnes including those 
engaged m research or graduate study as well as medical 
missionanes and those employed by industries or otherwise 
temporanlv absent The list is on page 1689 The dircc- 
too ts published bv the Amencan Medical Assoaation, 
535 North Dearborn Street, Chicago 


OREGON 

Personal —Dr Randall F White Portland, has been 
appomted medical director of the Russian Caucasus for the 
Near East Relief He will have charge of a childrens hos¬ 
pital at Lemnaklian in southwest Russia, and of traveling dimes 
in adjacent provinces He and his family sailed last month 
Dr McCool Goes to California.—The University of Cali¬ 
fornia Aledical School announces that Dr Joseph L McCool 
has accepted an appointment as associate dinical professor ot 
ophthalmology effective July 1 Dr AfeCool for more than 
twenty years has practiced in Philadelphia and Portland, and 
has taught at Temple University School of Alediane Univer¬ 
sity of Pennsylvania Post Graduate Sdiool of Medicine and 
University of Oregon Medical School He is a past president 
of the Pacific Coast Oto Ophtlialmological Society 

Hospital News—Since the U S veterans bureau hospitil 
opened in Portland, the tum-over of patients has been about 
350 a month, a rate vvhich tests the capaatv of the hospit.il 
The new hospital is said to be equipped with every facility for 
the care of general medical and surgical cases and to have one 
building for the care of psychotic patients and another for 
tuberculous jiatients The hospital is near the medical school 
of the University of Oregon, the county hospital and the chil 
dren s hospital It has had the hearty coopcntion of local 
physiaans 

PENNSYLVANIA 

Philadelphia 

Personal—Dr Temple S Fav has been mide head of the 
department of neurosurgery at the Jewish Hospital Phihdcl 

phia-Dr G R Anderson has been elected president oi (In. 

board of trustees of the Sjiangler Hospital-Many of the 

delegates to tlie International Hospital Congress at Atlantic 
City from foreign countries were guests oi the Phihdelphn 
Hospital Assoaation at a dinner June 12 Dr Joseph C 
Doanc a past president of the American Hospital Assocntioii 

was toastmister-Dr P ErooU Bland has been apponiid 

visiting physician to the Preston Retreat for the ensuing vear 
Un”ersity News.—Dunng the comrrcnccmait c crcisca it 
the Momans Aledical College of Pcinsilvann ground vis 
broken for the first units of the '^l 000 000 building on the i v 
site at Henry Street and Abbottsiord Road, Falls m Sc' i d ili 
Eglitcoi vvoT-c-i V c“c graduated iron Uic colRgc Ju ^ 12 Th- 
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alumni cl rmer -was attended by sixty women physicians Dr 
Martha G K. Schetky, president of the alumni association, 

presided-At the annual meehng of the medical alumm of 

the University of Pennsylvania, June IS, Dr Charles K. Mills, 
the oldest alumnus present, was presented with a cup, as were 
Drs Henry W Himmelberger, Reading, and Gordon T Atkin¬ 
son, Cnsfield, McL, of the class of 1869 The class of ’94 had 
the largest number of members present Dr Edwin S Potter, 
’91, from Santa Barbara, Calif, was awarded the prize for 
coming the greatest distance Addresses were made bj Drs 
George E de Schweimtz, Alfred Stengel and Samuel M Hamill 
Dr George M Coates was elected president of the medical 
alumni for the next year 

Growth of Radiation Department—The radiologic depart¬ 
ment of the Philadelphia General Hospital has since 1922 
expanded until the entire first and fifth floors of the new budd¬ 
ing haie been assigned to it On the top floor eighty-eight 
ward beds are reserved for cancer patients, on the first floor 
are the clinic and the reception room, the radium treatment 
compartments, a workroom for making up radium applicators 
and packs, and roentgen-ray macdiines Of more than 6,000 
patients who had received radium or roentgen treatments, 39 per 
cent were still living, although many were admitted m a feeble 
state The roentgen-rav department operates continuously from 
9 to 5 o clock, and special night nurses are on duty to adjust, 
remove or reapply radium packs There are faahties at the 
hospital and personnel to care for any kind of cancerous lesion 
as well as other ailments in which radiation treatment is indi¬ 
cated The department hopes that the medical profession will 
avail Itself of this service and cooperate in giving these cases 
the advantage of early treatment There are now among those 
that come an “appalling” number that are hopelessly inoperable. 

TENNESSEE 

Malaria Tests on Thousands of Children.—At a con¬ 
ference in Memphis, June 10, attended by Dr Eugene L 
Bishop, state health officer. Dr William B Harrison of the 
county board of health. Dr Lloyd M Graves of the city board 
of health, and Dr L L Williams of the U S Public Health 
Service, it was announced that a malaria index would be earned 
out in Shelbj Count> on about 20 000 school children as part of 
a state-wide dnve against malaria The object of the test would 
be to determine just how much malaria there is m Shelby 
County Many phjsicians and nurses will assist m this work 

Survey of Thyroid Enlargements — School children in 
forty localities in Tennessee have been surveyed by the U S 
Public Health Service to determine the prevalence of thyroid 
enlargement Among 9,073 white and 1,739 colored boys, and 
11,120 white and 3,196 colored girls there were found 4 876 
tlnroid enlargements, representing a percentage of 194 Thv- 
roid enlargements, ffie public health semce sajs, prevailed 
among the white boys to the extent of 9 5 per cent and among 
the white girls to the extent of 23 5 per cent Among the 
colored bo>s, 84 6 per cent of the thyroids were normal and 
among the colored girls 64 5 per cent Alt degrees of enlarge¬ 
ment were noted For example, among the white boys, 7 7 per 
cent were considered verj slightly enlarged 1 5 per cent as 
slightU enlarged, 0.2 per cent as adenomatous, and 0 04 as 
m^erate enlargements The finding that endemic goiter is 
more frequent among the colored children of Tennessee may 
be due to nutritional and economic factors Endemic goiter is 
more prevalent in eastern than in western Tennessee No rela¬ 
tionship was found between the amount of goiter and the sources, 
treatment and ultimate safety of public water supplies There 
was, however, a slightly larger incidence of endemic goiter 
among the users of chlorinated drinking water than among the 
users of unclilorinated water In Oregon the incidence of 
endemic goiter is said to be slightly greater among the users 
of unchlonnatcd water In surveys like this one made by the 
U S Public Health Service in six states and one atv, the 
order of goiter incidence was as follows Minnesota, Cinannati 
(colored) Cincinnati (white) Oregon, Tennessee (colored), 
Tennessee (white), Massachusetts and Connecticut 

WEST VIRGINIA 

Society News—The Favette Countv Medical Societv, Mont- 
gomerv, was addressed, June 11 by Dr Thomas G Reed Elk- 
ridgc on Traumatic Shod and by Dr William R. Laird 
Jr, Montgomerv on ‘The Rupture of Gastric and Duodenal 
Ulcers 

Personal—Dr Guv Hinsdale who recently moved to White 
Sulphur Springs is a representative for the International Soaety 

of Medical Hvdrologv-Dr William H McLain has been 

appointed health commt"ioner of the city of Wheeling for a 
term of four vears 


WISCONSIN 

Personal —Dr William W Morrison has been elected health 

officer of the city of Edgerton-Dr Edward Blumer, having 

been recently reelected, is now sennng his mneteenth year as 
village president of Monticello 

Society News —The Canti Cancer Film was presented 
before a joint meeting of the Milwaukee County Radiological 
Society and the Milwaukee Academy of Medicine, June 11 
An address was given by Dr Stanley J Seeger on “Sedimenta 

tion Reaction in Children”-The Eau Qaire and Assoaated 

Counties Medical Soaety was addressed recently by Dr William 

C Carroll, St Paul, on “Cervical Ribs”-The Jefferson 

County Medical Society wms addressed, m April by Dr (tester 
M Kurtz, Madison, on “Determination of Cardiac Enlargement 

and Its Significance in Diagnosis”-The Marathon Countv 

Medical Society, Wausau, presented. May 1, three reels 
of motion pictures on “Diagnosis and Treatment of Svphilis 

and Gonorrhea ”-The Mannette-Florence County Medical 

Soaety gave a dinner in honor of Dr and Mrs Edward Saw 
bridge of Stephenson, Mich , whom they presented with a silver 

service-Dr Lyman A. Copps Marshfield addressed the 

annual meeting of the Ninth (Councilor District Medical Soaety, 
Stevens Point, on ‘Effects of Increased Intracranial Pressure , 
Dr Carl W Eberbach, Milwaukee, on “Medical Experiences 
Among the Labrador Eskimos,” and Dr Joseph F Smitli, 
Wausau on “Intestinal Obstruction ” 

GENERAL 

Bath Tubs Less Popular Than Cars —A survey made by 
the General Federation of Women's Qubs in 1925 indicated 
that only 68 per cent of city homes were equipped with sta¬ 
tionary bath tubs According to the Ilhnois state health depart¬ 
ment, from 1913 to 1922, enameled bath tubs were installed at 
the rate of 480,000 a year in the United States This figure 
increased to an average of 1,100,000 a year from 1922 to 
1928 Bath tubs still appear to be less in public favor than 
automobiles 

Deaths by Violence Increase —The National Safety 
Counal, with headquarters in Chicago, has published the results 
of the annual survey showing that 96,()00 persons met acadental 
death during 1928 in the Umted States, an increase of 3 1 per 
cent over the previous year The counal reports that 27,500 
persons were killed in automobile acadents, or 6 3 per cent 
more than m the preceding year Railroad and street car acci 
dents decreased Aviation is said to have taken 368 lives, 
among whom those of jiassengers exceeded those of pilots 
There were said to be 24,000 acadents m Amencan homes 
The home tragedies, as the result of fires and explosions, num¬ 
bered 6,000, those due to asphyxiation and suffocation, 4,000, 
those due to poisoning, 2,(X)0, and the remainder, or about 40 
per cent, were due to such accidents as falls on slippery floors 
and rugs 

Health Officers of North America—The forty fourth 
annual meeting of State and Provinaal Health Authorities of 
North America, Washington, D C, June 1, was addressed, 
among others, by Dr Aquihno Villanueva, chief health officer 
of Me.xico Dr Frederick E Trotter, health officer of the 
Territory of Hawaii, was elerted president for the ensuing year, 
and Dr Eugene L Bishop, health officer of Tennessee, vice 
president. Dr A J Chesley, St Paul, executive officer of the 
Minnesota State Board of Health continues as secretao The 
orgarazation adopted a resolution urging passage of the Capper- 
Bankhead bill to provude for the development of an organization 
throughout the country for rural sanitation The organization 
also went on record as favoring the passage of the Jones Cooper 
bill to continue in operation the division of maternal and cliild 
health m the U S Department of Labor 

DisbursementB by Rosenvvald Foundation. — The latest 
gifts announced by the Julius Rosenwald Foundation, Chicago 
amounting to ?205 000, are to aid hospitals m the south and 
east to maintain negro public health nurses in fourteen southern 
states, and for i negro health survey The hospitals awarded 
funds on condition that the community raise funds also are 
the Chanty Hospital, Savannah Ga, 850,000 toward a nevv 
building, St Agnes Hospital, Raleigh, N C, $15,000 toward 
a nurses home and outpatient service Richardson kfcmonal 
Hospital, Greensboro N C $15 000 toward a nurses’ horre, 
Mercy Hospital Philadelphia, S35 000 and Prov ident Hospital, 
Baltimore, SW,000 The foundation appropriated $30 000 for a 
negro health survey to be made by the Tennessee Slate Hea'tli 
Department cooperating with the U S Public Hra’th Service 
and Fisk University 
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fond of old scientific books as to spend his holidays browsing 
through the book shops in England, endea\onng especially to 
obtain fundamental contributions He acquired many books pub¬ 
lished in the fifteenth century The library which Osier gave to 
hIcGill University contains 7,600 volumes selected with a view 
to their value m the study of history of medicine and science 
These were by no means all of the books which filled his house 
at Oxford. He left to Johns Hopkins Hospital a collection of 
works on the heart and lungs, and gave to the Tudor and Stuart 
Club of Johns Hopkins University, which he and Lady Osier 
founded in memory of their son, another collection, McGill 
Umversitv has provided a room for Osier’s books, arranging 
them on shelves as nearly as possible m the catalogue order 
His own writings are arranged at the end of the room in the 
alcove on one side and on the other are those of his favorite 
authors Behind a panel bearing his portrait, as he desired, rest 
his remains Four portraits hang m the room, one of Osier 
made in 1885 shortly after he left McGill, the others are of 
Harvej, of Sydenham and of Linacre, the translator of Galen 

PHILIPPINE ISLANDS 

Newspapers Play Up a “Discovery ”—In some manner, 
the newspapers in Manila obtained and published an item, 
recently, announcing that two local physicians had discovered 
a cure for typhoid The editor of the Journal of the Philippine 
Islands Medical Association says that the press not only played 
up the Item but lauded it editorially creating no little com¬ 
motion The wisdom of such an announcement is not clear, 
in view of the fact that the “discoverers” in this case refused 
to give out the formula The Manila show is over, and a 
remedy has been suggested for future imoresanos of this sort 
The Filipino law provides that any certificate of registration 
may be revoked on unprofessional conduct which involves 
advertising by any person, firm, association or corporation in 
a written or printed paper m which untruthful or improbable 
promises are made Medical ethics is as necessary m Manila 
as It IS in Chicago or elsewhere 

FOREIGN 

Physicians in Parliament—As a result of the recent 
general election in Great Britain, there are non eighteen reg¬ 
istered medical pracbtioners in the new House of Commons as 
against thirteen in the old Two physicians—Lord Dawson and 
Lord Movnihan—are members of the House of Lords The new 
minister of health is Mr Arthur Greenwood, and his parlia¬ 
mentary secretary Miss Susan Lawrence Mr Greenwood has 
had experience in the ministry, liavmg been parliamentary secre¬ 
tary in 1924 

American Public Gives Hospital to Japanese —The 
Frateniity Hospital at Tokyo, one of the best m Japan, was 
opened, June 1, on the site in a populous section where thou¬ 
sands of people perished in the earthquake of 1923 The 
$1,500,000 building is a modern American steel and concrete 
structure accommodating 248 patients, with an outpatient 
department accommodating 600 The entire cost of construc¬ 
tion and the '^2 000 000 reserve fund which it has are the last 
remnant of the great outpouring of synnpathy which the Ameri¬ 
can people gave at the time of the disaster and forwarded to 
Japan as the American Relief Fund Prince Tokugawa at the 
opening ceremony said that the hospital will serve not only the 
sick but as an eternal memorial to tlie friendship of Japan 
and America and as an everlasting symbol of human 
brotherhood ’ 

British Medical Prizes—The British Medical Association 
announces that it will consider the award of the Katlierme 
Bishop Harman Prize in 1930 (about §400), which is intended 
to encourage study directed to the diminution of risks that are 
apt to rise m pregnancy and childbearing Any practitioner in 
the British empire is eligible to compete. The Sir Charles 
Hastings Prize, which is open for award m 1930 was estab 
li'hcd to promote observaition research and record in general 
practice Its monev value is 50 guineas The assonation will 
award in March 1930, prizes of about S12S for the best essays 
on Three Cases Illustrative of the Value of Antenatal Obser¬ 
vation of Pregnant Women’ bv final year medical students or 
b\ registered practitioners of not more than one years standing 
The association is prepared to receive applications for the Ernest 
Hart Memorial Scholarship of SI 000 per annum and three 
rcsearcli sdiolarships each of about $750 per annum These 
will be given to candidates whom the saence committee of the 
association recommends as qualified to undertake research in 
anv subject (including state raedinnc) relating to ^e cause, 
prev cntion and treatment of disease The adders of the British 
Medical Assoaation is Tanstock Square, London, W C. 1 


American Hospital in Constantinople Needs Funds — 
Philanthropic Americans averted the dosing of the American 
Hospital of Constantinople, recently, by donating about $16,000 
to meet expenses The hospital was forced to move and to 
renovate another building, the lease on the old building having 
e.vpired It still needs financial assistance Established m 1920 
chiefly to provide care for Americans, it has had assistance 
from the American Red Cross, Near East Relief and American 
business men The American colony in Constantinople at times 
numbers several hundred The hospital served a special need 
dunng the turbulent situation following the Great kVar, m 
caring for many refugees An important part of its work has 
been the training of nurses, eleven graduating in March, 1928, 
and SIX m January, 1929 American standards have been main 
tamed in training nurses, although they are mostly Russians, 
Belgians and Armenians An arrangement has been made with 
American Women’s Hospitals, New York, whereby it will sup¬ 
port SIX beds for children in the American Hospital of Con 
stantinople Two great needs of the hospital are a building of 
Its own, and some organization m America which would assume 
the task of supplying funds to meet the annual deficit The 
medical director is Dr Lornn A Shepard, a graduate of 
Columbia University College of Physicians and Surgeons, New 
York A board of American business men and others attends 
closely to the admimstrahon (The Journal, April 21, 1928, 
p 1302) 
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Examination for Entrance to Public Health Service 
Surgeon (General Cummmg announces that an exammation 
will be held September 9, at Washington, D C, Chicago, New 
Orleans and San Francisco, for entrance into the regular corps 
of the U S Public Health Service, Requests for permission 
to take the examination should be addressed to the surgeon 
genera], U S Pubhc Health Service, Washington, D C Can 
didates must be 23 and not over 32 years of age, graduates of 
a reputable medical college, and must have had one year’s hos 
pital experience or two years’ professional practice The exam 
ination will consist of oral, written and clinical tests before a 
board of officers, and a physical examination. Those who pass 
will be recommended for appointment by the President with the 
advice and consent of the Senate 


Army Personals 

Col Robert M Blanchard is detailed as an instructor of the 
Georgia National Guard wnth station at Atlanta on completion 

of his present tour of foreign service-Capt Charles C Cans, 

Fort McPherson, Georgia, will proceed to his home about 
July IS and await retirement at the convenience of the govern 

ment-Major Jacob C Bowman vvill sail from San Francisco 

about October 5 for New York, proceeding from there to Fort 
Monroe, Va for duty and on his arnval Capt Everard Black 
shear will stand relieved from duty and proceed to Fort 

Moultrie, South Carolina-Major Daniel R Chase will sail 

from New York about October 14 for San Francisco and then 

proceed to Fort Huachuca, Arizona-Capt Walter F Tolson 

was to proceed from the general depot, Brooklyn, about July 5 
for the Walter Reed General Hospital for duty —-Capt Hubert 
S Steenberg has been retired from active duty, having been 
found mcapacitated on account of disability incident to service 


Navy Personals 

Lieut Cyrus C Brown has been transferred from Guam to 
San Diego, Calif Lieut Comdr Wilbur O Manning from 
Haiti to Philadelphia, and Lieut Charles G McCormack from 
the Virgin Islands to Hampton Roads, Va Lieut Lester E 
McDonald has been transferred from Mare Island, California 
to a destroyer squadron of the battle fleet and Lieut Edward 
M Steger from the fleet to San Diego Calif Lieut Oscar 
W Thoeny has resigned from the navy clTcctive July 16 
Comdr Harry R. Hermesch has been transferred from the navy 
vard, Washington, D C, to the U S S Tennessee and Lieut 
Charles M^heatley to the bureau of mediane and surgery Lieut 
William M Cason resigned from the navy, eficctive July I 
Lieut Bernard S Pupek has been transferred from San Fran¬ 
cisco to the naiy hospital, Boston, and Lieut William C Baty, 
Jr, to the navy hospital, W'^ashington, D C 
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War Pensions 

The largest single vole for anj of the great departments in 
the house of commons was $268 000,000 for the ministry of 
pensions The number of beneficiaries is about 1 500 000 At 
the end of the current j ear no less than $4 565 000 000 w ill ha\ e 
been spent on vrar pensions, compared with a little more than 
half that sum bi Germany and less than half bj France The 
reason for the difference is that the rates in this countiy are 
much higher A 50 per cent disabled man get $5 a week as 
compared ivith $115 a jear in France and $90 m German) This 
j ear’s estimate shows a decrease of nearly $17,500 000 but for 
the next ten years the mean expediture will be about 
$180,000 000 The item that has contnbuted most to the decline 
this year is the reduction in the number of children to whom 
allowances were given The demand for medical treatment is 
declining and the hospital accommodations of the ministry are 
reduced accordingly The ministry still retains seienteen hos¬ 
pitals with about 3 000 beds and has a call on other hospitals 
with accommodations for 2,000 cases The number of patients 
m the hospitals is 5,106 

The Spread of the Smoke of Towns into the Country 

Prof J B Cohen, addressing members of the Leeds Luncheon 
Club, said that a phenomenon he had nobced recently proved 
definitely that smoke from industrial centers spread for many 
miles into the country A ram cloud would absorb soot and 
smok-e and almost become saturated with it, just as fog would 
absorb it IVhen that ram cloud, saturated with soot and tar, 
fell as ram the soot was liberated and came down with the 
ram On the prenous day, near Coniston it was drizzling all 
day, and he noticed that the surface of the lake became coated 
with a thin film of greasy matter It was significant that the 
wind was blowing direct from Yorkshire As the wind blew 
the film toward him, the water near the shore became coated 
wnth a black fringe of soot He took out a piece of rag and 
placed It on the surface of the water In evidence. Professor 
Cohen held up a piece of rag which w'as black all over with 
thick, greasy soot That, he said came from Yorkshire Since 
the war a good deal had been done in the factory, and the 
boiler chimney producing smoke w ould one day be obsolete, 
but 40,000,000 tons of coal was burned annually in domestic 
fireplaces Six per cent at least went up the chimney as soot 
Tliat was to say, 2 400 000 tons of soot fell over the land, and 
of that quantity a fourth was tar The increasing discoloration 
of trees and shrubs was due not to factones but to domestic 

Compulsory Health 

Dr William G Savage, health officer for Somerset in an 
article issued under the auspices of the Central Council for 
Health Education, advocates the adoption of ‘compulsory 
health ” By that he means the duty of all indivaduals in the 
community to maintain themselves in hcaltli or if they are 
m charge of children, to see that thev are maintained in health, 
all, of course, so far as is practicable—a dutv if necessary to 
be enforced bv compulsion. In the old davs when one did not 
care what happened to one’s neighbor sucli an idea would liavc 
seemed absurd, but in many ways people are advancing steadilv 
toward an acceptation of it It is logical to demand that 
members of the community shall not dclibcratch live under 
unhealthful conditions that will predispose them to develop 
tuberculosis and if infection is also added largely insure their 
acquiring it Those penalized bv such neglect include a far 
wider range than the sufferer himself and involve expenditure 


for the community which need not have been incurred If it 
IS right for the community to expend large sums of monev on 
mamtaining and assisbng its members to maintam or to regain 
healtli It IS but a logical sequence that its members must 
themselves plav their part m maintaining their own health 
Any neglect on their part is antisocial and will in time be 
recognized as such Before however, any such demand can be 
made on members of the community tliev should have the oppor¬ 
tunity of knowing much more about tlie laws of health and 
how health can be maintained There is urgent need for an 
extensive system of general instruction on health matters and 
Savage believes that in a few years this will be recognized as 
an essential part of the work of every health department 

Traffic Noises and Dangers 

The nuisance of traffic noises and their possibly injurious 
effect have been desenbed in prevaous letters The report to 
the minister of transjxirt of a conference on traffic noises and 
priority of traffic at crossroads has been issued It recommends 
that a regulation should be made to deal vvath excessive and 
avoidable noise from automobiles that are badly constructed 
badly loaded or in faulty condition Some preliminary inquiries 
were made as to the types of horns in use and tlie practicability 
of framing a definition that would distinguish those which 
have a low and pleasing note from those which have a strident 
and irritating one It was found that the classification of horns 
into wnnd-blown (either hand or fan), electne-motor driven, 
and electric buzzer did not afford a basis for a regulation as 
It IS possible to make boms of any of these groups with either 
objectionable or melodious notes The conclusion wws that tlie 
only solution would be to permit specific types, e. g, bulb horns 
or other types that have been proved satisfactory by some test 
The conference held tliat the complaints against e.xcessive and 
nerve rackang noises from motor horns constitute a legitimate 
gnevance and that the causes fall under two heads (1) unduly 
stndent notes and (2) unnecessary and e.xcessive using, particu¬ 
larly at night, dunng sleeping hours As to the first, a more 
powerful horn may be reasonable on the open road in rural areas 
where high speeds may be justifiable, certainly in the daytime, 
though at mght the warning of the headlights should reduce the 
necessity to a nunimum The second point is more difficult 
The conference e.xplored the jiossibihty of instituting zones of 
silence, where motor horns should not be permitted to sound 
at all or, alternatively, should be sounded only when there is 
some vehicle, pedestenan or animal in sight which necessitates 
use for the sake of safety Tins suggestion was uncompromis¬ 
ingly opposed by the motor organizations on the ground that 
nothing should be done to interfere with the discretion of the 
driver In the case of an accident, the first question asked by 
the jwhee is "did the driver sound his horn?’ An answer in 
the negative is usually regarded as indicating responsibility 
for the accident The conference recommended that the matter 
should be further investigated in consultation with the National 
Phvsical Laboratory, otlier scientific bodies and motoring 
organizations and manufacturers so as to fix a practical 
standard Another suggestion was that streets should bear 
adequate name plates, so that congestion due to drivers uncertain 
of their whereabouts slowing down and stopping in an effort to 
find out the name of the streets should be avoided 

The problem of reduang the collisions at crossroads proved 
difficult The law docs not lav dovvai anv rule for motorists 
approaching crossroads and other junctions aside from the 
general prohibition against dangerous druang According to 
custom, motonsts on an imjxirtant road have the prior right 
of way and relv on the traffic from minor roads givang v ay to 
them The •\utomobilc Association has for some years advo 
cated the followang courtesy rule, kaiown as the offside rule 
whereby motonsts arc enjoined to look out for and give v i\ 
to traffic approaching from the riglit But the conference did 



46 


FOREIGN LETTERS 


Jons. A M A 
July 6 19’9- 


not approve of this rule. It thought that the best course -would 
be that at road junctions traffic proceeding along a road of lesser 
importance should look out for and gi\e -way to that on roads 
of greater importance. The corollary is that signs should be 
placed at suitable points on the lesser roads W’ammg motorists 
that they are approachmg a road junction The signs might 
take the form of an appropriate sjmbol with the words “Dead 
Slow ’ picked out with reflectors In addition, there should be 
a white line across the road. The lajout at road junctions 
was also considered It was held that this should be different 
at a crossing of two roads of equal importance from that of the 
crossing of a major bv a minor road. A complete roundabout 
was recommended for the first and a partial one for the second 

The Centenary of Thomas Young 
This Year is the centenary of the death of Thomas \oung, 
one of the greatest phisicists, who was also a phjsician Of 
all the distinguished men whom the Quakers ha\e contributed 
to science and to medicine, out of all proportion to the numbers 
of that sect, he was the most eminent From his earliest jears 
he showed extraordinari abilitj At the age of 2 jears he 
could read with fluency He was onh 20 when he wtrote his 
celebrated treatise on the klecliamsm of the Eje, which was 
read before the Rmal Soaetj, of which he was made a fellow 
in the followmg sear This paper dealt with accommodation 
of tlie eve. Later he gase the first descnption of astigmatism 
and formulated the three-color theorj of color vision He 
actuallj proved the existence of lenticular astigmatism m his 
own person In phjsics his work on the interference of light 
renders him the mam founder of tlie waie theorj which ousted 
the corpuscular theon for a century He introduced the term 
energj into phisics He made important contributions to the 
theoiy of the tides He was professor of natural philosophy 
at the Ro\al Institution, a position which he resigned in 1803 
to deiote himself to medical practice in which he was not a 
conspicuous success Howeier he wrote a book entitled “Prac¬ 
tical Rosologj and Pharmacologj which was published in 
1S13 It IS learned and still worth reading His e-ctraordmary 
sersatiliti was further shown b\ linguistic talents, which he 
turned to account in translating the demotic text of the Rosetta 
stone before the Frenchman Champolhon accomplished his great 
work on the subject The mscnption on the tablet to his 
memorv m 1% estminisler .\bbev describes him as a ‘ man ahke 
eminent in almost e\erv department of human learning” 

High Death Rate from Cold Spell 
The return of the registrar-general for England and Wales 
for the first quarter of this jear shov s that the deaths num¬ 
bered 204,293 which is SS654 more than in the preceding quar¬ 
ter and 67 978 more than in the corresponding quarter of 1928 
The death rate was 21 0 per thousand of the estimated popula¬ 
tion 71 aboie that recorded during the first quarter of last 
Ye-r with the e.\ception of the March quarter of 1919, when, 
owing to the influenza epidemic the rate was 213 it was the 
highest rate recorded m anj first quarter of the present century 
It was due in a large measure to influenza and also to the high 
mortahti from respiraton and arculatorj diseases occurring 
during the spell of arctic weather in Februam Influenza was 
Cl her an immediate or contributon. cause of death in 23 763 
cases or 11 63 per cent of the total deaths, whereas in the 
prenous epidemic in the March quarter of 1927 the figures 
wore 17 931 and 10 62, respectnelj The mortalitj of infants 
unJer 1 jear was 111 per thousand registered hie births 14 
aboie the aierage of the ten preceding first quarters, and the 
highest in tnt quarter since the first quarter of 1919 The lite 
births numbered 1601 SI 4,512 more than in the preceding 
quarter but 7J45 belov the number recorded m the correspond¬ 
ing quarter oi 1928 The\ correspond to an annual rate of 
16 3 per thousand. 


DECREASE OF POPDEATION 

The natural decrease of population bj e.\cess of deaths over 
births was 44,112, against a natural increase of 43,386 m the 
corresponding quarter of 1926, a decrease of 1,786 in 1927 and 
an increase of 31,611 in 1928 This must not be taken to mean 
that this country has reached the stage of declining populahon, 
though, in consequence of the declining birth rate, the stationary 
stage seems in sight, but the birth rate and death rates bate 
now so appro-umated that an unusually high death rate falls 
below the birth rate. 

PARIS 

(From Our Regular Correspondent) 

May 29, 1929 

New Researches on Alveolodetltal Pyorrhea 
Dr Renif Vincent has recently gnen a rather new explana¬ 
tion of alt eolodental pjorrhea, and the therapeubc results to 
which It has giten rise seem to justify a certain measure of 
recogmtion. He states that, m the gums, particularly in the 
region of the interdental “bridges,” there is a land of lymphoid 
tissue similar to that of the tonsils and the appendiv This 
tissue, he explains, serves as a sort of excretory organ of micro- 
orgamsms The micro organisms thus ehminated come from 
distant foci of infection, often located in the intestine Having 
been earned to the region of the gums, they set up an inflam 
mation, and this causes the localized necrosis of the maxillary 
bone and the fetid suppurations that are characteristic of pjor¬ 
rhea As a practical deduction of this mode of thinking, Vincent 
recommends ascertainmg, in the blood taken from the region of 
the gums, what micro organism is responsible for the distur¬ 
bance and the preparation therefrom of an autovacane The use 
of such vaccine effects an arrest of the evolution of the pyorrhea 
and checks the pnmary causal infection 

Treatment of Erythremia 

Eiythremia, or Vaquez’s disease, marked by an undue increase 
in the number of erythrixj-les in the blood, has alwajs been 
regarded as a grate disease combated with difficultj 
MM Vaquez and Mouqum have communicated to the Academj 
of Medicine three clearlj characterized cases with remarkable 
results following use ot phenjIhydrazine hjdrocliloride This 
substance, administered bt mouth, wnth an initial dose of 
0 001 Gm., which is gradually increased to OOOIS and 
0 0025 Gm, effects a rapid diminution of the number of red 
corpuscles, which, in a few dajs, drop down to tlie normal 
figure, while the number of leukocytes increases rapidlj This 
result hatnng been secured (on an average, within two weeks), 
the treatment is followed only intermittentlj, afterward In one 
of the cases cited a cure has been maintained for a vear No 
untoward effects or incidents have been observed, other than a 
slight subictenc state. Nevertheless, M Vaquez advises caution 
m the use of the drug 

An Eminent Preacher’s Public Address on the 

Subject of Tuberculosis 

The Reverend Father Sanson is at present one of the most 
eminent preachers in France. A priest of the Order of the 
Oratorj, he has delivered, from die famous pulpit of the 
cathedral of Notre Dame de Pans, the special Lenten sermons 
for a number of jears and with such success that crowds of 
people gathered at the church several hours before the portals 
were opened, and struggled to gam entrance His eloquence is 
of a high order, and the clearness of his delivery is very impres 
sue All his sermons arc transmitted bj radio He reccntlj 
lent his support to a work of a social nature the creation of 
a sanatonum for the tuberculous, to be located at Megeve m 
Savoj The meeting was held in an immense velodrome, used 
commonlj for bicjcle races and capable of seating more than 
20000 persons High pnees were diarged for the seats but 
tbev were all filled He delivered a magnificent address, which 



Volume 93 
Number 1 


FOREIGN LETTERS 


47 


was transmitted bj loud speakers to the most distant parts of 
the fast arena The audience w-as astounded b: the iray he 
had been able to assimilate the medical concepbon and language 
needed to describe the march of tuberculosis and the eroluhon 
of the tubercle banllus He closed his address with a pressing 
appeal for the laccination of the ner\-born with the BCG 
raceme, and it was generallj admitted that his forceful utter¬ 
ances would have done credit to a member of the Academy of 
Medicine. A considerable sum was realized for the purpose 
cited 

The Hygienic Aspects of Swimming Pools 
M Dujarric de la Rnere has called attention in vigorous 
language to tlie nisamtarj conditions he has found in the. 
municipal swimming pools of Pans as shown by die number 
of cases of conjunctmhs that develop among the bathers He 
has proposed to the Academy of Medicine a series of measures 
calculated to assure the constant cleanliness of the water in the 
pools The bathers should not be admitted to the pools until 
they haie washed their feet in a small pool containing warm 
ivater in constant circulation A permanent filter should be 
installed that would punfy the water of the pools two or three 
hmes a day The ivater on coming from the filters should be 
disinfected bj means of sodium hypochlorite 

A Court of Justice and Alleged Divine Intervention 
A peculiar case was brought recently before the Tribunal de 
la Seme A woman who was preparing to take an exarainabon 
to secure a position as a dental assistant accepted for more 
than a year, private instruction from a teacher She passed her 
tests successfully, but when her teacher demanded, as com¬ 
pensation for the instruction given, tlie sum of 2,400 francs 
($96), as had been agreed on between them she refused to pay 
It According to her statement, she had never been able to 
understand anything her teacher had tried to impart, and the 
evening before her exammabon, being certain that she would 
fail, she had made a pilgrimage to Lisieux—to the sanctuary of 
Saint Theresa—and had fervently prayed tliat she might help 
her Consequently, she was convinced that it was to the saint 
and not to her teacher that she owed her success The court 
seized wuth doubt and desiring possibly to accept, in part the 
theory of a salutary autosuggestion although declaring that the 
question of divine intervenbon had not been provided for in 
the laws, deaded that the woman must pay her teacher but 
reduced the amount of the charge one half 

Blood Transfusion Directly into the Heart 
Dr Tzanck, physician to the hospitals of Pans made a 
desperate effort to save a pabent in a state of acute anemia due 
to severe hemorrhages following abortion Venous injection 
was impossible, owing to collapse ol the veins and the patient 
was dying At this juncture. Dr Tzanck did not hesitate to 
make, with a long slender cannula a puncture in the filth inter¬ 
costal space, even with the sternum, and to inject 650 Gm of 
blood directly into the heart With the first 300 cc, the heart 
began to beat normallv, and the patient made a most startling 
recov ery 

In Aid of Convalescent Heart Patients 
A society has recently been founded in Pans wuth the avowed 
object of aiding poor patients suffering from heart lesions who 
have been dismissed from the hospital It will be known as 
the Pondation Dike in memorv of the benefactress who first 
proposed the creation of such a societv Dr Vaquez tlie Frendi 
cardiologist, is the mov ing spirit, and the seat of the asso¬ 
ciation will be the offices of tlie Hopital de la Pitie, The 
purpose of the sociCtv wath respect to voung subjects affected 
with organic disease of the heart, is to aid them in finding wort 
in keeping wath their phvsteal capacities to vratcli over them 
during their apprenticeship, and to guide tlicm m securing 


permanent positions With regard to older subjects the societv 
plans to aid their families dunng tlie period of hospitalization 
and to find for them emplovanent that is not too fatiguing 
These patients wall be provaded with a health record book, so 
that physicians who treat them, later on, mav be acquainted 
vvitli their personal histones and wath the treatment that tliev 
have received As the result of the care that wall be given 
them, thev will have tlie moral satisfaction of knowing tliat 
their families are not suffenng from want, and they will be 
encouraged by tlie thought that thev will not, by reason of their 
lesions, be condemned to a precarious and miserable existence 
The minister of the intenor, M Tardieu, who presided at the 
meeting for the purpose of orgamzing stated in his address 
and with good reason that the general public is under obhga- 
bons to certain cardiac patients such as automobile drivers, 
truck dnvers, railway engineers and aviation pilots, who have 
been prohibited from continuing the practice of their trade or 
calling, m order to protect the public from grave accidents that 
they might cause if a symeope should sudoenlv overtake them 
while on duty, as has occurred in numerous instances 

Death of Dr Louis Guinon 

Dr Louis Guinon has died at Pans, at the age of 69 Hav ing 
specialized in pediatrics, he became the chief physician of two 
childrens hospitals (Trousseau and Bretonneau) He is the 
author of numerous articles published m the Arcliiits de 
medicine des enfants and Lc Noumsson He was the founder 
of the Societe de pediatrie and of the Societe des anus des 
hopitaux des enfants He created many dispensaries for infants 
and at the close of the war, was entrusted by the Comite 
amencain de I’Argonne with the orgnmzation and directorship 
of the Centre de Mandres 

MADRID 

(From Our Regular Correspondent) 

May 16, 1920 

Mortality from Tuberculosis in Spam 

Dr Palanca, health inspector of the provnnee of Madrid 
recently delivered an address before the Real Academia Nacional 
de Mediana on “Mortality from Tuberculosis in Spain ” He 
mentioned the present enthusiasm for the creation of saiia- 
toriums in Spam There are eight in the province of kladrid 
alone. A small town in the mountains has been vvhollv trans¬ 
formed into a tuberculosis colony and at present at Hovo de 
Manznnares and in El Escorial two more sanatoriums arc 
under construction. The speaker commented on tlie statistics 
of morbidity and mortality from tuberculosis which he thinks 
have been e.xaggerated Dr Codina admitted 50 000 deaths from 
tuberculosis yearly m Spam and calculated a morbidity of 
500000 The official statistics show a mortality from tuber¬ 
culosis of 26 517 during 1928 as it was 29 991 during 1920, 
there is a decrease in the mortality The provinces which show 
tile higher mortality from tuberculosis are Sevilla, La Corufia, 
Huelva, Madrid and Pentevedra while tho'c which show the 
lower mortality are Teruel Segovia, Cuenca and Guadalajara 
The maximal mortality of 19/ deaths from tuberculosis per 
thousand patients occurred m Sevnila and the minimal mortality 
of 57 deaths per thousand in Teruel The speaker excluded 
the climate as a factor in the mortality from tuberculosis He 
considered as important factors the increase m population and 
indu'tncs He did not regard the high pnccs of food as a big 
problem, and asserted that the market in Afadrid is one of the 
most economical in Spam. He concluded that in the prophv 
laxis of tuberculosis all the efforts of the state provinces ard 
cities should be united. The wort 'hould be provided for by 
legislation the selling of milk should be regulated a campaign 
for improved hygiene should be made and a school of ph'hisiol 
ogv should be opened. There is a greater need for healthful 
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and inexpensive lodgings with plenty of sun and light, where 
tuberculosis may be prevented, than for the construction of 
sanatonums 

Delivery of Five Fetuses 

Prof Isidore de la Villa recently lectured on a case of 
multiple dehverv, which he observed in his dime at the Faculty 
of Medicine of Valladolid He mentioned that anthropoid 
female monkeys have two dr three offspring at one tune but 
that in the hu nan being the function has been established in 
such a way that tlie woman has only a monthlj ovulation and 
becomes pregnant regularly with only one child In the case 
reported, a woman, aged 32, had had four normal children at 
different deliveries, then two abortions ol twins, and finally the 
reported pregnancy Labor started at the sixth month of preg- 
nanev The first fetus born was a male, in vertex presentation 
In the evening of the same day the patient’s temperature rose 
to 38 5 C (99 3 F) and she was admitted to the hospital of 
Valladolid She developed a senous mfection and on the next 
day her temperature reached 40 C (104 F) Dr Muniz, an 
assistant professor on the faculty of medicine, punctured the 
second bag of waters, and a second male fetus was born in 
breech presentation Then with no intervention, and at inter¬ 
vals of approximately half an hour, two other female fetuses 
were bom, one of them in vertex presentation and the other 
in breech presentabon All the fetuses were bom alive. Three 
hours later, the placenta and membranes were delivered Two 
and a half hours later, the last female fetus was born, enclosed 
in Its membranes A mass consisting of three placentas was 
then delivered The fetuses were all of similar size, measured 
from 30 to 35 cm in length, and neighed about 800 Gm They 
were well developed and lived from one to six hours Three 
of the fetuses had their own membranes and independent 
placentas (multiovular), and two of tlicm, probablv the two 
males, had a common placenta and chorion, and were separated 
only by means of individual amnions (uniovular) The mother 
had a serious puerperal mfechon, but she recovered Tlie 
speaker recognized, as causes of multiple gestations heredity, 
multiparitv, age and climate Multiple gestations are frequently 
observed in families with mental diseases and m women with 
anomalies and malformations of an atavic nature They may 
be due to the father s influence Sexual maturity is the most 
opportune time for these pregnancies, which generally are 
observed in persons more than 30 years old The influence of 
climate is noticed in Russia Sweden France and Spam Tlie 
occurrence of twin births m Castile is not rare Professor Villa 
knows of a delivery of three children and another of four, which 
occurred m the last few years Five or six fetuses in a 
delivery are seldom vaable Prolific deliveries represent racial 
backwardness and a return to a tv pc of life for which the women 
of toilav are not prepared It is preferable that only one fetus 
be born and that it be bealtliy and strong 

Arthritis Deformans 

Dr Bastos delivered a lecture at Dr Maraiion s clime on 
arthritis deformans His work was devoted to those forms of 
chronic rheumatism which present pronounced local lesions 
and hence become surgical It is neccssarv to know these 
rheumatic manifestations because they are of considerable 
importance For each patient with tuberculosis there are three 
wath rlKumati'ni and this ratio which is large enough in itself 
IS still hiclier in some regions of Spain On the other hand 
It happens tliat proccs'cs which arc far from being rheumatic 
processes arc diagnosed as sndi Concerning arthritis dcior- 
mans the author 'aid that tlie microscopic lesions are appre¬ 
ciated III the first Stages of tlie disease These lesions produce 
regression of the cartilage, which is transformed into fibrous 
carilage and then the development of hemorrhagic svnovilis 
Cotceni'ng the patl ogenesis of arthntis deformans the speaker 
cu d the mechanical tlrorv v h di attributes the lesions of this 


disease to the wear of the articular surfaces, and the infectious 
theory, which regards the disease as a form of rheumatism 
produced by focal infection Lastly, the speaker considered the 
consfitubonal factors, which contribute to the premature aging 
of the articulations, and the influence of certain endocrine con¬ 
ditions in the production of arthntis deformans 

Prize for a Paper on Medical Deontology 
Dr Sanchir Banus, president of the College of Physicians, 
was recently honored by the physicians of Madrid at a banquet 
A subscnption fund was begun for a prize to bear his name, 
which will be devoted to the best paper written dunng the year 
on the following phase of medical deontology operation of 
medical colleges, or social and corporative medicine 

Amplification of the Cancer Institute 
The Cancer Institute, with Dr Jose Goyanes as Us director, 
has been enlarged by two new buildings One of them is ddvoled 
to laboratories while the other has been provided with seventy 
beds for cancer patients from the province of Madrid. The 
building has been financed by the provincial deputation of 
Madrid The ceremony of the inauguration was presided over 
by the queen, vvho is president of the league against cancer 

Central Dispensary of the Red Cross 
The Central Dispensao of the Red Cross, under the patronage 
of the king and queen, has been opened for service The Royal 
family and prominent government officials attended the opening 
ceremonies The new building, yvhich cost 5,000,000 pesetas 
(about $1,000 000), is one of the best that the Red Cross 
possesses It is a masterpiece of architecture Provisions have 
been made for the installation of several dimes 

Closing of Several Universities by the Government 
General Pnmo de Rivera, as the head of the government, has 
aided the general progress of Spain Public instruction and 
hygiene have been improved, and large amounts of money have 
been provided for schools, sanatonums, parks, dispcnsanes, 
hospitals, roads and ports His policy, however, has caused 
dissatisfaction and some disturbances among the students The 
students of the University of Madrid protested vigorously 
against the permission given by the government to men of 
religious sects to award scientific titles and to act as jurors 
at the examinations of tlie students The government, vvithout 
giving any attention to the reason for the protests, demanded 
the obedience of the students, but they disobeyed the order 
The police were ordered to the umversities, but this act was 
considered, botli by students and by teachers, as a vaolation of 
the rights of the university The police fired into the air, 
wounding a man, but not seriously The government then 
ordered the university to be closed until the fall of 1930 The 
students who wish to take tlieir examinations should pay their 
tuition at some other university and be examined there The 
students at the Universities of Barcelona (the second in Spam) 
and Oviedo made the same protests and these universities al'o 
were closed by the government In Santiago de Gabcia and m 
Valencia, the faculties protested, and the same punishment was 
imposed on these universities In Valladolid where the dis¬ 
turbances have been of minor importance the teachers have 
imposed another payment of tuition on the students The 
students of medicine and the women students were not guilty 
of theoc disturbances, but they were also obliged to pay tuition 
again in order to be examined Some of the profes'ors who 
would not stand this state of affairs, resigned others have 
protested in writing and still others have declared adherence 
to tlie poliacs of the government The parents of the students 
were affected by tlicsc disturbances more than anv one else 
as they v ere obliged to male a repayment of the tuitions They 
hold the teachers responsible for c'-erting influence on 1) e 
students In connection with the official inauguration of Uic 
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universal expositions of Sevilla and Barcelona the government 
has resolved to pardon the students Thus the umversihes have 
been reopened, and university life is gomg on as usual 

BUCHAREST 

(Frotn Our Regular Correspondent) 

May 27. 1929 

The Sight of Motor Car Drivers 
According to Prof Dr Emile Brosz, managmg director of 
the postgraduate medical courses in Hungary, opinions differ 
as to the minimum of eyesight which should be demanded of 
motor car dnvers Some authorities believe that motor car 
drivers should possess visual acuity equal to that of locomotive 
engineers, others believe that less is sufEaent It has been 
suggested that drivers be permitted to make written statements 
as to their fitness for dnving, after which thej would be held 
responsible for accidents and the like on the basis of these 
statements The chief of police of Pans has stated that he 
cannot demand proof of the physical soundness of all applicants, 
as the medical examination of more than a hundred applicants 
for a dnver’s license daily would entad too much time and 
expense Competent men, however, are urging that conditions 
of fitness be laid down and that a thorough medical examination 
of the candidates be made in every case. The question is deemed 
so important that the Belgian and French medical academies 
are dealing with the matter seriously and have advocated 
detailed instructions They are not in force, however Professor 
Grosz sajs During the war, military commandants enforced 
very strict rules as to who was competent to dnve mihtar> 
motor vehicles, this was justified, as tliese cars carried many 
soldiers Since the termination of the war the French acadcm> 
has repeatedly dealt with this problem, and one of its reports 
characterized the situation as follows ‘ To become eligible 
for political votmg one must be 21 years of age, but anj urchin 
suffering from bodil> defect may run down pedestnans ’ This 
assertion made a deep impression, as just at tliat time two 
academicians were fatally injured m automobile accidents and 
yet neither the efforts of the academy nor those of the medical 
society were successful Finallj, the medical members of the 
chamber and the senate were mobilized but thej also failed in 
their efforts It is noticeable also that England and German} 
have failed to lay down conditions of fitness Switzerland 
demands at least 5/10 visual acuity but does not exclude dnvers 
wuth only one eje The same rule holds true in Italv In 
Norway a distinction is made as to the visual acuitj acquired 
better vision is demanded of professional drivers than of other 
dnvers Professor Jeandehze compiled the conditions demanded 
in the different countries and made the proposal to fix the 
minimum of vusual acuitv in the better eje at 5/15 with 5/100 
acceptable m the other eje 

In Hungary the issue of a license is based on a medical 
certificate given bj a aty medical officer, and if he does not 
find the sight to be satisfactory he has to appeal to the state 
ophthalmologic hospital for a decision The measurement of 
vusual acuitj, how ever, is not regulated The police may refuse 
any applicant The applicant then has the right to appeal to 
the ministry of internal affairs in which case the ministrv asivs 
for the opinion of the supreme health board through the ministry 
of public welfare. 

The health board maintains tliat if the vusion of one eve is 
perfect or at least 5/7, a man with only one eve mav get a 
dnvers license It is necessary that the conditions of fitness 
for drivers should be the same as for iiidivuduals in the railwav 
and military services Professor Grosz believes on the ground 
of c-xpericnces gained abroad and with due respect to inland 
conditions, that it would be appropriate to fix the minimal 
acuity of the better eve at 5/10 it the va ion of the otlier eve 
IS as much as 5/20 If the sight of the other eve is less than 


5/20, the vusion of the better eye should be at least 5/7, with 
normal vusual fields and perfect color vusion In his opinion 
when one eyg is missing the matter should be settled indivudually 
The loss of one eye is prohibitive in the case of a driver of 
an autobus and in others who carry passengers professionally, 
while it IS permissible in the case of a dnver who owns his car 
He urges periodic examinations of all dnvers Motor car 
drivers are exposed to different injuries, which eventually may 
senously interfere wuth their sight and other bodily and even 
mental functions, therefore semiannual or annual examinations 
are indicated In order to settle the question in Hungao, 
Professor Grosz is going to ask the Society of Hungarian 
Ophthalmologists to discuss the matter and to pass on resolu¬ 
tions tliat are to be submitted to the national assembly 

The Perception of Changes in the Weather 

At the recent meeting of the Royal Medical Society, Dr 
Z Dalmady read a paper on the perception of changes in the 
weather He said that some men, particularly sick ones, can 
predict changes in the weather Case histones show harmony 
between the weather and the condition of some patients, and 
statistics show an increase in certain diseases in connection 
with the weather The feeling of an oncoming change in the 
weather is a presentiment of local atmospheric conditions, which 
must be distinguished from sensibility to a change in the weather 
Weather feeling men may not be able to predict the exact 
cliange in the weather The factors that act on these men must 
be sought among those atmospheric qualities which are experi¬ 
enced in a closed room as well as by clothed men in the open 
According to recent observations, the presentiment of a cliange 
in the weather depends on the e.xchange of air masses The 
determining factors may be sought in the constitution of an air 
current, in the nature of its suspensions and in its electrical 
qualities These factors may have important roles in changing 
the physical features of the air It is probable that the presenti¬ 
ment of a change in the weather pertains to allergic phenomena, 
and in its establishment a decisive role is played by the physical 
features of the air 

Dr M Farkas remarked that every one is more or less of a 
“weather feeler” On bright, sunny days the sick man feels 
better, and the healthy man is refreshed—his temper is calm 
and his ability to work is greater The powers of observation 
of blind children are keener on bnght days than in cloudy or 
rainy weather Rheumatic gouty and tabetic patients display 
a special sensibility tow-ard a change in the weather, but 
presentiment means something different namely that some 
patients, and even healthy individuals, owing to certain bodily 
sensations, are reliably able to predict a change in the weather, 
from thirty six to forty-eight hours in advxince The sensations 
cease when tlie ram, snow or wind storm begins and in the 
interval they are quite devoid of symptoms According to his 
observations tliere is no connection between the barometric 
reading and the presentation of weather feeling During the 
war Farkas observed the weather feeling of soldiers with 
amputations, shot wounds and bayonet wounds and found that 
specific sensibility for a change m the weather was displayed 
bv patients m whom the periosteum was adherent to its base 
and wais immovable The prc'entimcnt of weather change a 
feeling undoubtedly of neuropsvchic importance is attributed 
by Stem to the expectation feeling, v Inch is regarded 
by the Norwegian philosphcr Aaro as a iicv clenicnlary 
spiritual phenomenon According to him certain animals an I 
men possess the ability to foretell changes m the weather as a 
result of reminiscences, mind pictures and the like laid down 
in the conduction paths and condensed into instincts This 
theory makes it purely a psvchic phenomenon which is not 
acceptable. It is more rational to assume that the pre'eiitiircnt 
of a change in the weather is the feeling of pbvsiolng c and 
pathologic processes going on m the Irodv as the result of 
accumulated influences of -hangcs m the \ catlicr Tlu con- 
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firmation of the connection is a logical process Farkas bclieies 
that the problem of weather feeling wall come to play a promi¬ 
nent role m the numerous problems of ps 3 chology and philos¬ 
ophy under dispute, because phjsical and psjchic manifestations 
are presented in this particular feature, and their explanation 
e\entualh will be common and simple 


BERLIN 

(From Onr Fegislar Correspondent) 

June 1, 1929 

Meeting of the Deutsche Gesellschaft fiir Chirurgie 


(Continued from pege 2183) 


In the general discussion, Tonnies of Wurzburg emphasized 
the good results secured wnth puncture (sometimes with lavage) 
m infants and young children He reported a series of sixti- 
one cases with three deaths (5 per cent) In some of the patients 
a later thoracotomy was required, which was then well borne 
Schonbauer of Vienna displajed an apparatus recommended by 
Demel for the aspiration of the purulent effusion It consists 
of two cuned trocars, which, joined together to form a circle, 
are connected with a tube that leads to a bottle The suction 
device has given good satisfaction Heller of Leipzig performs 
nb resection in severe empyemas, under differential pressure 
then closes the wound and drains by the Isehn method through 
a newly created puncture wound into a wine bottle In eight>- 
one cases he had a mortality of 24 per cent The average 
period of treatment was from six weeks to two months Only 
in a few cases did small plastic operations become necessary 
on account of residual caiities Hosemann of Freiburg recom¬ 
mended for the operation on a tuberculous total empyema asso¬ 
ciated with a mixed infection the replacing of the prevertebral 
nb resection bj a parasternal resection which gives better 
results without the operation being thereby materially enlarged 
in scope He has performed the operation seven times without 
a fatahtv One patient, howeier later succumbed to amyloid 
degeneration Hauks of Breslau gaie an account of his expen- 
cnces with the use of paraffin fillings in tuberculosis of the 
upper lobe He has employed the method thirty two times 
during the past two and a half rears thirteen times in c-xtensiie 
bilateral processes and nineteen times in unilateral tuberculosis 
of the upper lobe m which latter cases partial compression is 
sufficient Pneumoljsis must be carefullj earned out before 
the paraffin filling is applied One can then feel the carities, 
which are loose and flabby to the touch The use of the paraffin 
fillings depends on the success of pneumoljsis The method 
could not be applied in ten patients all of whom succumbed to 
the disease Of the successful cases one ended fatallj on the 
third dav from meningitis An infection of the filling bed 
del eloped in one instance Of the thirteen bilateral cases, fire 
remained unchanged four will doubtless prore fatal and three 
show improvement, rrhile one patient is free from expectora¬ 
tions and from baalli The nineteen unilateral cases present 
a more farorable result Nine patients are free from expectora 
lions and from bacilli six arc improrcd, three are unchanged 
one IS rrorse, and one died soon from meningitis (as alrcdd> 


mentioned) 

Sauerbruch emphasized that the fundamental idea of extra¬ 
pleural plastic operations is the contraction of tlie whole lung 
and therefore the filling with paraffin should contract the whole 
len" But m bilateral pulmonarv tulierculosis to which some 
oi the reported cases belonged a p^artial contraction must of 
course suffice There arc however grave dangers associated 
V ith the paraffin filling mctliod Penoration may result after 
fi c seven and even eleven vears A grave danger is associated 
, ih tnv method m exudative tuberculosis since, following the 
1 Plantation of the paraffin fillings a more rapid general intoxi- 
cs ion mav intervene The local reaction on the r.^it auricle 
p'j the n-ht side OI the heart mav be so great that it vviU 
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become nccessarv to remove the paraffin filling It is also verv 
difficult to decide whether the compression is sufficient How¬ 
ever, the paraffin filling is tlie best type of filling as yet 
discovered. 

GEOGRAPHIC AND SOCIAL INFLUENCES IN 
VARIOUS DISEASES 

Professor von Haberer of Dusseldorf discussed geographic 
and social influences in relation to the various diseases with 
which he had become familiar dunng his seventeen vears of 
activity in the Alpine regions of Austria (Tyrol, Styria, Salz 
burg, Orinfhia) and in his present field of activity (Dusseldorf) 
In Tyrol there were few cases of cancer, whereas m Stvria 
many cancerous conditions were observed, especially in the 
capital city (Graz) IVhereas in the Alpine regions there was 
a considerable number of goiters, there were, in contrast with 
Dusseldorf, few cases of exophthalmic goiter With reference 
to other diseases, many peculiar differences were noted 
Whereas in the Alpine regions von Haberer could make frequent 
use of local anesthesia, m Dusseldorf, on account of the marked 
sensitiveness of the population (men as well as women) he had 
to give It up almost entirely and resort more to inhalation ancs 
thesia He emphasized also the entirely different mentality of 
the patients in the industrial region about Dusseldorf, which 
expressed itself m a different attitude toward their ailments and 
their physician, for instance, m the lack of "will to recover' 
that IS evidenced by the population entitled to the benefit of 
soaal insurance This attitude was observed more particularly 
in his patients operated on for gastric or duodenal ulcer In 
Innsbruck or Graz, about 95 pier cent of such patients recovered 
and were free from all symptoms, while in Dusseldorf he could 
note a difference between the so-called private patients (who 
were well satisfied with the operative result) and the patients 
who were insured in the krankciikasscn The majonty of the 
latter class complained, after the lapse of varyang periods follow 
ing the mtervention, of discomforts for which a thorough exami 
nation revealed neither clinical nor roentgenologic basis 
Haberer called attention also to the peculiar gravnty of the dis¬ 
orders of the biliary tracts, as encountered in the industrial 
region which induced him to give up almost entirely closure 
without drainage, which he had been able to employ in the 
Alpine regions m 70 per cent of the cases, by reason of the 
gravity and frequency of the acadents and the great number of 
postoperative pulmonary disorders and embolisms 

URETERAL CALCULUS 

Professor Voclcker of Halle presented a comprehensive paper 
on ureteral calculus He distinguished two large groups of 
cases the aseptic and the infected cases The former often 
develop unexpectedly, an attack of colic being the first svnip 
tom, and may be difficult to distinguish from cholecystitis, 
appendicihs ileus and the like cspeciallv if they are located on 
the right side A roentgen diagnosis is not always possible 
and the characteristic sv mptom of microscopic hematurn occurs 
also in apjiendicitis But for the operativ e indications the diagnosis 
IS of the greatest importance since in renal calculus an imnie 
diate operative intervention as in the other diseases mentioned 
IS not an open question The question as to the treatment of 
acute aseptic renal calculus may be solved bv spontaneous cliim 
nation of the stone or the colic nnv stop although the stone 
has not been passed. The checking of the colic is often ocn 
sioned by the blocking of the ureter for according to Voclker, 
the colic IS caused chieflv bv the stasis of urine. The stoppage 
IS often caused by the lodging of a stone at one of the three 
natural narrow places of the ureter The result is the swelling 
OI the kidnev In such cases a cvsto'copic or chromocvstoscopic 
examination should be made, and above all ureteral calheteriza 
tion should be employed. Often tliat alone will effect a passing 
of the stone or cau c the 'tone to be pushed into the renal jielvis 
and thus eliminate the stoppage of urine and the colic If all 
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measures fail (possibly including the injection of spasmogenic 
remedies into the ureter and paravertebral anesthesia), uretcr- 
otoraj, unth subsequent primary suture, is the preferred opera¬ 
tion m these acute aseptic cases If the stoppage of urine and 
cohc cease wathout tlie stone being passed the picture of chronic 
aseptic ureteral calculus is produced While it is true that such 
stones often may be earned for years without any particular 
harm to the kidney resultmg, and that they may be spontaneously 
passed after manj jears, it is nev'ertheless to the advantage of 
the earner if its removal can be effected for the pathologic 
aspects of the condition may come to resemble those of gall¬ 
stones Colic-free periods may alternate with severe attacks of 
cohc and there is constant danger of infection and damage to 
the kidnej These attacks are sometimes referred to as attacks 
of renal calculus, which is not quite accurate, since the stones 
do not cause cohc, as a rule, until they descend into the ureter 
Voelcker discussed the various diagnostic aids rectal and 
vaginal e;,amination, cjstoscopy, ureteral cathetcnzation, wax 
sounds that take an impression of a stone if present and acoustic 
sounds (both uncertain procedures), and roentgen examination 
By way of treatment one may consider lavage of the kidneys 
with large amounts of fluids (mineral water, from one to two 
liters of tea, with addition of from one to two tablespoonfuls 
of gljcerin, the unne to be held as long as possible and tlien 
quickly evacuated), use of antispasmodic substances (atropine, 
morphine, and hypophjsin, which stimulates peristalsis but 
apparently does not act directly on the ureter) and the sub 
aqueous intestinal bath He mentioned also the injection of oil 
or glycerin into the ureter, various analgesic remedies, including 
papaverme, and procedures of instrumentation, principally the 
gradual dilation of tlie ureter bj the Burger method He was 
inclined to disparage other instrumental measures Voelcker 
rejects also the use of the retention catheter in the ureter The 
treatment may be extended over a long period but care must 
be taken that no renal injury, infection or hj dronephrosis 
develops There may be primary infection due to ureteral cal¬ 
culus, or secondarj mfection Frequentlj, phosphates are 
involved, which have a rough surface and hence do not pass 
out so readilj Thej cause stoppage of the urine less frequentlj, 
and, because of the inflammatory changes m the ureteral wall, 
they are held less tightly As they are, for tlie most part cal¬ 
careous tlie diagnosis is facilitated by the use of the roentgeno¬ 
gram Here, too, a distinction must be made between the cases 
with and without stoppage of the urine In the latter cases, 
internal treatment is usually ineffective, and endovesical treat¬ 
ment IS not to be recommended Thus, after exact testing of 
the functioning of the organs involved operative treatment is 
to be considered If the kidney is to be preserved, ureterotomy 
IS indicated Operative intervention is easier in the infected 
cases, bj reason of the somewhat thickened ureteral walls, than 
m the aseptic cases If the kidney cannot be preserved, it must 
be removed In these cases, one need not bother about the 
stone at first—it can be removed later In the cases of acute 
stoppage of the urine, in which the patient s life is threatened, 
if It IS not possible to bring relief with die ureteral catheter, 
attention must be centered on the kidnev and if it cannot be 
preserved it must be removed or a renal fistula must be con¬ 
structed and no attention need be paid for the time being to 
the stone, which can often be removed b> suction, through the 
constructed fistula The most difficult cases are those with 
bilateral calculi, vvhicli maj lead to complete anuria In aseptic 
cases complete anuria maj be endured up to fourteen dajs If 
the roentgenogram and the urologic examination do not make 
It evident which side is more gravelv involved and the anamnesis 
docs not help to decide, both kidncjs must be exposed and the 
one that after palpation, appears to be more seriouslj involved 
must be operated on Voelcker discussed then, the operative 
tcclinic for the exposure of the ureter m its vanous portions, 
and recommended the median incision for deep Ijing stones 
(To be continued) 


Marriages 


Walter Drurv Hawkins, Harrisburg, Pa., to Miss Eliza- 
betli Shorkley Hobart of New Cumberland, April 6 
Ralph Shaw Graham, Eljna Ohio, to JIiss Elizabeth 
Frances Herr, at Moorestovvn, N J, June 15 
Richard Dale Hopkixson Jenknntown, Pa, to Mrs Leona 
Alexander Davos of Philadelphia, April 24 
Lodovico Maxcusi-Uxgaro, Newarlv, N J, to Miss Frances 
Groves Chambers, at Philadelphia, June 12 
Richard D Evans, Santa Barbara Calif, to JIiss Elizabetli 
Bristol of Long Island, N Y, recentlj 
F Willis Almond Boise, Idaho to Miss Florence Maje 
Hardisty of Jennings, Kan., March 17 
Alec McMurchie Agnew to Miss Pauline Creelman, both 
of Vancouver, B C, Canada, Maj 3 
George Swartz Klump to Miss Elizabeth Marsden Winner, 
both of Williamsport, Pa, Maj IS 
William D Laswell, Kings Mountain, Kj , to JIiss Lucile 
M Young of Highland, June 5 
Mark Greer to Jiliss Oris Camille Klasing, both of Vandain, 
Ill, at New York, June 14 

David J Hetrick, Harrisburg, Pa, to Miss Gladjs Kerim 
of Altoona, May 1 

Mead Burke Aladison, Wis, to Dr Mjra Emerv of 
Kenosha, May 18 

James D Brittingham, Philadelphia, to Miss Janette 
Wallace, June 12 

Arthur B Light, Philadelphia, to Miss Marj Glover of 
Boston, recentlj 

JuDSON I Doss to Miss Artie Bohn, both of Miltoii, Ill, 
June 7 


Deaths 


Edgar Ornn Crossman ® Washington, D C, University 
of Vermont College of Medicine, Burlington 1887, medical 
director of the U S Veterans Bureau member of the Ameri¬ 
can Psjchiatnc Association and the New England Soaety of 
Psjcliiatry, member and past president of the New Hampshire 
Medical Sonetj , fomierlj professor of mental diseases at his 
alma mater, aged 64 died, June 21, at his summer home in 
Bedford, N H , of pneumonia 

Albert Richard Thomas, New Orleans, Tulanc University 
of Louisiana School of Medicine New Orleans, 1919, member 
of the Louisiana State Medical Societj , formerlj assistant in 
clinical gynecologj at his alma mater, served dunng the World 
Uar, aged 36, resident surgeon at the Citj Hospital for Mentnl 
Diseases where he died suddenij, June 9 of heart disease, si v 
dajs after an operation to remove a collar button which had 
lodged m his lung 

Frederick Andrew Bonthius, Pasadena, Calif , North¬ 
western Umversitj Medical School, Qiicago, 1902, at one time 
dmjcal assistant in medicine at his alma mater, served dunnir 
the World War, formerlj on the staff of the Los Angeles 
General Hospital, aged 55, died, April 6, in a local hospital, 
of metastatic caranoma of the liver 

Thomas Bernard Carpenter ® Buffalo, Harvard Univcr- 
sitj Medical School Boston 1890 associate professor of gemto- 
unnarj surgerv, Umversitj of Buffalo School of Jfedicinc 
formerlj citv bacteriologist on the staffs of the Buffalo Gcncr-l 
Hospital and tlie Buffalo Citj Hospital, aged 60, died, Maj 2/ 
of tuberculosis ’ 

Albert Earl Mowry © Chicago Northwestern Univcrsil, 
Alcdical School Chicago, 1898 formerlj on the facultj of h s 
alma mater member of the Amcncan Urological Association 
veteran of the Spanish-American and World wars on the sn c 
of the Provadent Hospital, aged 55 died, June 16, from 
hemiplegia 

Charles William Bartlett, Tampa Fla Uiiucr«itj of 
Man land School of Medicine, Baltimore 1893 member of tic 
Honda Xfedical Association past president of the HilPboro 
Countv Medical Sonetj veteran of the Spam h Amcncan War 
citv health officer aged 59 died suddciih Mtv 29, of he rc 
disease 


® IndicalM FcUon of the Awenan VJcdical Association 
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functional, or from subjects undergoing laryngcctomj' for carcinoma of the larynx. 
Thyroid glands from freshly killed sheep were pooled. 

Details concerning the jiatients arc given in Table 1. The case numbers identify 
individual patients, in some of whom more than one type of tissue was studied. The 
tissue diagnosis is based, in each instance, on histological c.xamination. In case 2, the 
normal thjToid tissue was infiltrated with anapJa.stic th.vroid carcinoma. Anal 3 'sis of a 
l_vmph node metastasis from this tumor indicated that it had minimal function in coni- 
jjarison to the thj'roid gland. In case 5, the normal thj’roid was the site of metastasis 
from an adenocarcinoma thought to be of prostatic origin. 

Case 7 was clinicallj- euth.vroid, although the th.vroid gland showed moderate hj-per- 
plasia. The tissues listed as “nodular goiter” com])risc a heterogeneous group in which 
a more specific diagnosis could not bo made. The thyroid architecture, although for the 
most ])art well difTcrentiated, c.xhibited much jdeomorphism in terms of cell height, 
amount of colloid, shape of the follicles, etc. In ca.scs 9, 10 and 11, portions of the goiter 
Avhich appeared different macroscopieall}' were analyzed separately. None of these 
glands had been associated with clinical In'perth.vroidism or hj'poth.vroidism. 

The tissues listed as “follicular adenoma” were characterized bj' their occurrence as 
discrete, encapsulated areas of abnormal tissue in an otherwise normal gland. The fetal 
adenoma was of microfollicular tj-iic and involved almost the entire th 3 Toid gland. 

The tissues listed as “carcinoma” were obtained from metastascs in the neck which 
were clcarl 3 ’ outside of the th 3 ’roid gland e.xcept in case 1C. In the latter the large, ana¬ 
plastic tumor contained scattered follicles which ma 3 - have been normal tln'roid tissue. 
In case 15, the normal th 3 'roid had been ablated when the jjatient had received 250 
me. of I'^' for therap 3 - of otlicr metastascs 0 years previously. Surgical c.\'ci.sion of recur¬ 
rent tumor was demanded 1)3- tracheal obstruction. In case 13, the residual th 3 ’'roid gland 
remaining from j)artial thyroidectomy 23 3 ’ears previously was removed and found to 
be abnormal but, apparently, not carcinomatous. It is listed as “nodular goiter.” The 
follicular carcinomas in both case 13 and 15, although predominantl 3 ’ well differentiated, 
displa 3 ’ed the usual plcomorphism and contained areas of anaplastic epithelium. 

Labeling of these tissues was performed in vivo b 3 ' the oral administration of radio- 
iodide, or ill vitro, as indicated in Table 1. In cases 2, 7 and 12, some of the in vivo 
labeled tissue was also incubated in vitro with Since the latter procedure introduced 
a much higher quantity' of radioiodinc, it was possible to stiK^v both in vivo and vi vitro 
labeled iodoproteins in the same tissue. 

In the in vitro procedure, fresh tissue slices appro.ximately 0.2 to 0.5 mm. thick were 
incubated in an o.xygenatcd Krebs-Ringer phosphate medium, pH 7.4 at 37° C in an oscil¬ 
lating water bath. The duration of incubation is given in Table 1. The tissue slices: 
medium ratio varied from 150 to 330 mg./ml. Except in cases 3, 7 and 11, however, the 
quantity of I'^‘ accumulated by the slices, as given in Table 1, was measured in separate 
experiments in whicli the ratio was 35 to 70 mg./ml. 

The in vivo radioiodine doses were from 50 to 300 pe.; the time between dose and tissue 
removal are given in Table 1. The quantit 3 " of I*^‘ accumulated in vivo, as listed in Tabic 
1, was determined by a separate tracer dose given a short time before the experimental 
dose, and abcumulation was measured at 24 hours. 

The methods empIo 3 md for fractionation and anal 3 'sis of iodine-containing component 
of the tissues were the same as those described before (1). 

RESULTS AND DISCUSSION 

The quantity of radioiodine accumulated the Iiuman thjauid tissues, 
and the proportion of this iodine Avhich was in organic form, are listed in 
Table 1. The latter figure repi-esents radioiodine wliich did not move from 



Table 1. Clinical data and radioiodine accumulation by human thyroid tissue 


January, 1959 THYROID lODOPROTEIN IN .MAN AND SHEEP 


.2 

I 0:2 

o 


2^- 

“ § ° 


■iSlU, 

o c 

in C C. O 3 1 
§ Sso.H" 

oh- 


. « 


j 3'3 tb 

r3 tT - 


? O M 




C- 0-5 

60 * 


li 


O S- 
H‘2'- 

-H-S 


o:H ^ 
Si o 


to 
'S c 
0 := 


^ C3 
n^’~' 


m 


C t- 
!:C 


O 

tc 


i c 




y 55 53 ^5 


< 10 T}H 

A 


OOrf^C^COCOO 
O O CO CO I'- O 


CO O lO 
<N (M ^ 


CO CO (N CO-f 


« ® ® ? ? O 

i i 

* S S S » 5s 

s s s s s s s 

^ 


fSnfS; Ps^Pi^<5pi^ 


CO CO rt' O ^ O 
10 CO 10 CO I" o 


c3 s; 

E S 


c c 

/C>?; 


E E E E 

u 

c o c c 


^ oi CO 10 :r 


5Sa5J8?J5J5J«5J 


02*^ 


0 ^ 
^ O 


e 8 53 53 53 
^ ^ 5: ^ 


CO 

V 


00 


CO 


»o 


OOiOiCTt<COCO»-H-fOC^OOOl'-iO— 

O C<lOOrM-OOl'^»OOCiC^OC^l'- CO—* r 


OCO<M’-HOC:(N-f I 01- 
10 i-iiOOlOKN llM(N 


— CO 

C<1 ! 05 (N 




«s s s 

.a C .-i 
S E S 
fi S JS s 
^ 


{kOO^OOOOOO 

i i .is § i: i ^ is i: i: 


si-SiSs5i'R,»SsSi::iS. 

gaSSessrSSa: 






f =4 


t>- O »0 T" w ir? 
05 lOCO 10 CO CO 


O 

o 

c 




♦ 

‘o S 


c c c 
c S o 


o c 

’8 


c r-^ ^ r- 


O 'w/ ^ 


XOU 


r- 
U i 


o:l ;5 ^ sS: 


I'- OC c: C5 o O — — 05 CO — CO -r -r 1.0 CO 05 C5 


39 


x 


£ 

® o rt 
—, s 






5 c3 g 


■3 “ c-t: 


® ^ c 
o S 




E g 
o; o c 


. O 

JZ 

is 05 - 


y: 




.r; cC X -- y 


II -r 


4..*^vy::=r» - -a 






40 


ROBBINS, WOLFF AND BALL 


Volume 64 


the 01 -igin on cJiroraatogi-ap]!}'’, and was shown Jiydrolysis to be com¬ 
posed of iodoproteins (cf. below). Iodide comprised almost all of the re¬ 
maining radioiodine. In the in vitro experiments, it is not known what pro¬ 
portion of this iodide Avas due to meclianical occlusion only. Smaller quan¬ 
tities of other i-adioiodine components were sometimes found on the 
chromatograms, as described in the previous paper (1). 


PARTICULATE JODOPROTEIN 

In (he early phases of this work, the existence of a thjToid radioiodinc 
fraction insoluble in 0.15 M NaCl was unsuspected. Consequentl}^ in only 
7 of the cases studied Avas this “particulate” radioiodine measured. In one 
follicular carcinoma, the value of 37% for particulate iodoprotein aa^s simi¬ 
lar to that found in rat thyroid tumors (1). In the other tissues, normal or 
abnormal, the Amines Avere in the Aucinity of 6% or less. Such small Amlues 
might be considered insignificant and due to procedural artifacts. The 
results of h3'drol.ysis (ef. beloAA'), hoAA-eAmr, reAmaled differences in iodinated 
amino acid constituents betAA'een the particulate and the soluble iodopro¬ 
teins in about half of the cases. 

Separation of the tissue homogenate into subcellular particulate frac¬ 
tions AA-as pei'formed in case 4, a normal thyroid gland, by means of the 
tAvo-phase sucrose technique of Plogeboom, Schneider and Striebech (2), 
employing added CaCh. The “nuclear” fraction contained 3.8% of the 
organic iodine in this tissue, AA-hich had been labeled in vivo. This finding re¬ 
quires confirmation. 

Chromatographic anai 3 ’sis of the particulate fraction Avas performed in 
all but one instance. Almost all of the radioiodinc remained at the origin, 
3% or less Avas iodide, and from 0 to 9% moAmd AAuth the sohmnt front 
(Table 1). 


SOLUBLE IODOPROTEINS—HUMAN THA'ROID TISSUE 

Salting-out curAms in phosphate buffer (equimolar KH 2 PO 4 K 2 HPO, 
pH 6.5) Avere carried out AAuth the soluble iodoproteins from each of the 
tissues. In about ^ of these, a 0.15 M NaCI extract of the tissue aa^s used as 
starting material. In the others, tlie supernatant phase of tissue homoge¬ 
nized in 0.15 M NaCl AAmsused. In tAAminstances (cased—normal, case 11), 
separate salting-out cumms of extract and supernatant Avere not signifi- 
cantl}^ different. All cui'Ams except for that in case 16 AAmre performed Avith 
added normal human serum. 

A typical salting-out cunm is illustrated in Figure 1. Most of the soluble 
iodoprotein precipitated at Ioav buffer concentrations in a manner typical 
for thyroglobulin. In Table 2, the buffer concentration at AAdiich each salt¬ 
ing-out cui-Am exhibited its steepest slope is listed. These Amines ranged 
from 1.54 to 1.68 ilf in the normal human th 3 a-oids (mean 1.60 + .05),^ and 


2 Mean+stancliird deviation. 
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from 1.50 to 1.68 M in the abnormal tissues (mean 1.57 + .05). The overall 
mean was 1.58+ .05. In the carcinoma from case 2, a value is not given 
since the salting-out curve was very much different from all the others. 
Apparentlj^ this tissue did not incorporate into thjwoglobulin (cf. be¬ 
low). It seems likelj'' that the variations between individual curves were 
due to experimental error, and that the solubility of thyroglobulin from 
abnormal tissues was not significantly different from normal. In tliose ex¬ 
periments in which normal and abnormial tissue were examined in the 
same subject (cases 1, 3 and 4), the slope maxima agreed closel}'. Compari¬ 
son of th 3 n’ogIobulin lalreled in vivo and in vitro showed no significant dif- 


Fig. 1. Salting-out of soluble ioclo- 
jjroteins in the follicular adenoma from 
case 4. The solid S 3 'mbols represent iodo- 
protein fractions isolated bj' precipitation 
between the indicated limits of KH 2 P 04 - 
K 2 HPO 4 . 



CONCENTRATION OF K,HPO^-KH,PO, 
2 4 2 4 


ference in case 2-normal and case 12, but the latter appeared to be less .sol¬ 
uble in case 7. 

The salting-out curve of the tissue extract in Figure 1 also denion.strates 
the presence of a small amount of iodoprotein which is more soluble than 
tlyroglobulin in phosphate buffer. Quantitation of this material i.s indi¬ 
cated in Table 2, where it is listed as “th.vroid S-1 iodoprotein.” The value." 
were calculated bv subtracting the iodoprotein soluble in 2.98 M phosphate 
buffer from that soluble in 1.89 il/. In seven instances, .^alting-out curves 
were performed on undial^yzed extracts or supernatants labeled in vitro, 
whereas all other curves were obtained either with in vitro labeled material 
which had been dial.vzed against a large volume of .001 M phosphate buf¬ 
fer, or on in vivo labeled material. As indicated in Table 2, it was nccc."'"ary 
to correct the S-1 iodoprotein values in these seven instance." for the iodide 
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- Vo/itme 6Vf 

2. SAr/ri,VG-ouT or soluble lonornoTBiNs in human and sheep thyroid tissue 


Case No. 1.1!) i\I l.-l M 1.8!) M 2.!)8 M S—1 

______ niaximum 

Normal human 

1 100 !)7.0 7.0 , fis 


2 (ill vivo) !)!).0 !)1.0 9.!) 5.0 

2 (ill vitro) 98.5 84.7 J1. J 4.4 


4.9 1.58 

6.7 1.54 


3 

100 

92.1 

7.G 

3.0 

4.0 

1.54 

4 

95.7 

94.0 

2.0 

1.5 

1.1 

l.Gl 

5 

9G.2 

94. G 

5.0 

2.3 

2.7 

l.Gl 

G 

92.0 

88.0 

7.1 

5.7 

1.4 

l.Cl 

7 (ill vivo) 



Abnormal hiiiiinii 




104 

97.8 

9.0 

9.9 

0 

1.04 

7 (ill vitro) 

93.8 

82.2 

0.0 

5.8 

0.8 

1.50 

8 

105 

88.0 

8.8 

1.9 

G.9 

1.50 

9a 

91) 

97.4 

97.2 

89.8 
91 .4 

32.1 

50.2 

20.0* 

40.3* 

(2.5) 

(4.8) 

1.58 

1.50 

10a 

100 

102 

40.5 

40.0* 

(2.1) 

l.Gl 

101) 

98.2 

9G.5 

47.3 

41.5* 

(1.2) 

l.Gl 

lla 

98. <1 

90.7 

33.8 

27 2* 

(3.6) 

1.54 

11b 

OS. 4 

95.1 

78.9 

G9.1* 

(2.1) 

1.50 

12 (ill vivo) 

98.2 

93.7 

5.2 

3.3 

1.9 

1.58 

12 (ill vitro) 

97.8 

93.7 

30.7 

25.3* 

(l.G) 

1.58 

13(1) 

9G.G 

91.4 

5.2 

1.4 

3.8 

1.58 

1 

101 

98.0 

11.2 

7.7 

3.5 

1.G8 

3 

97.2 

93.4 

21.0 

1.7 

19.3 

1.50 

4 

9G.5 

93.8 

7.0 

2.8 

4.8 

l.Cl 

14 

89.0 

85.4 

18.2 

7.0 

10.G 

l.Gl 

15 

100 

95.8 

8.1 

1.3 

0.8 

1.58 

13(2) 

94.4 

90. G 

12.0 

8.8 

3.2 

1.58 

2x 

79. G 

G8.0 

59.0 

41.5 



2.)' 

89.1 

75. G 

50.4 

30.8 



IGf 

93.2 

88.5 

9.2 

7.4 

1.8 

1.G4 


95. G 

80.G 

Normal sheep 

3.6 

1.9 

1 .7 

1.45 


Columns 2 through 5 give the per cent solubility of radioiocline at the indicated concentra¬ 
tions of KH 2 PO 4 -K 2 HPOJ. Column 6 is the difference between columns 4 and 5. Column 1 
gives the molar concentration of JiH»P 04 -K»PH 04 at which the salting out curve of thyro- 
globulin had its ma.vimum slope. _ ... i • * t^i 

* These preparations were labeled in vitro and were not dialyzed prior to salting out. ilie 
value for S-1 in parenthesis has been corrected for iodide (cf. text). 

t The preparation emplojmd for salting-out contained .877 mg. of lyophylized tissue ex¬ 
tract, 8 ml. of 0.15 M NaCl, and IG ml. of water. Serum was not added. 
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which would salt out over the same range of buffer concentration presum- 
ablj"- as a result of interaction with serum albumin. From experiments per¬ 
formed earlier (3), it was known that approximately 10% of iodide 
added to normal serum precipitates between 1.89 and 2.98 M phosphate 
buffer. 

In normal thyroids, S-1 iodoprotein comprised from 1.1 to 6.7% of the 
soluble iodoprotein (mean 3.5%). Most of the values for the abnormal tis¬ 
sues fell within the normal range. In case 7, it maj" have been lower, and 
in the adenomas from cases 3 and 14 it was higher than in normal tissue. 
In the carcinoma from case 2, a value is not given since the entire salting- 
out curve differed from those obtained with all other tissues (cf. below). 

In the normal and adenoma tissue from case 4, the saline extracts were 


Table 3. Fractionation of soluble iodoproteins in 

HUllAN AND SHEEP THYROID TISSUE 


Thyroid tissue 

Phosphate fraction 

% of total 
tissue wt. 

% of total 
extract I”'* 

T1 yro- 
globulinf 





(% of 
in fraction) 

Normal-Case 4 

<1.4 M 

0.5 

3.6 



1.4 -1.75 M 

3.4 

61. 



1.92-2.98 M 

0.3 

0.4 

32 

.\denoma-Case 4 

<1.4 M 

0.5 

8.5 



1.4 -1.75 M 

0.0 

49. 



1.92-2.98 M 

0.4 

2.0 

23 

Normal sheep 

<1.33 M 

0.3 

0.6 


1.4 -1.75 M 

7.9 

41. 



1.75-2.98 M 

0.2 

1.3 

24 


* Thu tissue extract was dialyzed prior to fractionation. “Total” refers only to non- 
dialyzable radioiodine. 

t Determined from salting out curve. 


fractionated with phosphate buffer as indicated in Table 3. These data 
should be considered in the light of recovery experiments which showed 
that when whole extracts of the normal and adenoma tissues were carried 
through the dialysis and lyophylization steps used in preparation of these 
fractions, the recoveiy of radioiodine was 70 and 75%, respectively. From 
the data in Tal:)le 3, it is apparent that the adenoma contained much less 
thyroglobulin (1.4-1.75 M fraction) than did the normal thjToid on a 
weight basis. The distribution of radioiodine in the two tissues was similar, 
although there was a higher recovery of I^^^ in the 1.92-2.98 fraction (S-1) 
in the adenoma in keeping with the findings on salting-out curves prepared 
from the same tissue extracts (Table 2). As discussed in the previous paper 
(1), each fraction was prepared by 1 or 2 cuts at the concentrations indi¬ 
cated so that contamination of the S-1 fraction with thyrogloljulin was ex¬ 
pected. 

Comparisons of the thyroglobulin fraction and the fraction more soluble 
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than tliyroglobulin are presented in Figures 1, 2 and 3. The data for the 
adenoma are shown since tJiere was less contamination of the S-1 iodopro- 
em nutli tlDToglohuJin, but the findings were similar in the normal tissue. 

14 iguie 1, saltmg-out curves demonstrate that the 1,92-2.98 i¥ frac¬ 
tion, except for apparent contamination witli tlDu-oglobuJin iras mueh 
more solul)le tlian tliyroglobulin. The thyroglobulL in the 1.4 to 
fi action, on the other hand, had been freed of S-1 iodoprotein. 

In Figure 2, the sedimentation of S-1 iodoprotein in the preparative ul- 
tiacentrifuge is shown to be much slower than that of tliyroglobulin The 
sina 1 amount of radioiodine in the 1.92-2.98 i¥ fraction at the bottom of 
le u le ( 3 /o of the total) is apparently due to contaminating thyroglob- 
u in, and suggest that the amount of contamination estimated from the 
saltmg-out curve (Fig. 1, Table 3) may be overestimated. In another ultra- 



DISTANCE FROM TOP OF CELL 
(% OF TOTAL VOLUME) 


Fig. 2. Sedimentation of soiubJe iodo¬ 
protein fractions (follicular adenoma, case 
4) in the jm'jianitive ultracentrifugo 
(39,000 rpm, 3 liom-s, 0.15 4/ NaCl). 


eciitifuge experiment, fractions prepared from the soluble iodoproteins of 
case 3 adenoma vmre compared directI}' ivith human serum albumin 
(Cohn Fraction V). The sedimentation curve of albumin (determined by 
ultraviolet absorption at 275 ni/x) was closelj" similar to that of iodoprotein 
which was soluble in 2.28 M phosphate buffer. 

Zone electrophoretic anab'-ses are shown in Figure 3. Whereas thyro- 
globulin had a mobility like that of alpha globulin in human serum, most 
of the radioiodine in the 1.92-2.98 M fraction had a mobilit}^ like that of 
serum albumin. The remainder of the radioiodine in this fraction was due, 
at least in part, to contaminating thyi-oglobulin but there appeared to be 
a small quantity in the beta globulin zone as well. The presence of serum 
did not appear to alter the mobilit}'’ of these fractions. The results of 
another experiment in which whole saline homogenates of the normal and 
adenoma tissue in case 3 was used, are shown in Figure 4. The quantit}' of 
S-1 iodoprotein in the adenoma was high enough to be apparent in the un- 
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Fig 3, Zone electrophoresis of soluble lodopiotein fractions from the follicular adeno¬ 
ma of case 4 (Barbital buffer, pH S 6, r/2 = 0 1, rcveise flow technique ) The hophil- 
ized lodoprotein fractions were dissohed in 0 15 M XaCi oi in normal human seruiii at 
the concentrations listed The paper strips stained with bromphenol blue are mounted 
abo\e the coiiespondmg recoids of radioactuit\ The arrows indicate the point-' of 
application The distance of the baseline portions of each record from the zcio line indi- 
lates the background counting rate 

fractionated mateiial as a radioiodine band with the mobility of albumin. 
The normal tissue, on the other hand, showed only a thyioslobulm zone. 
The amount of radioiodine remaining at the origin appeared to be due to 
insoluble, or particulate, radioiodine in the tissue homogenates. 

The electrophoretic mobility of thyioglobulin was examined in 12 ■sub¬ 
jects. For these analyses, a small quantity of tissue homogenate, 'uipei- 
natant, oi extract was added to normal human seium, and the mixtuie wa- 
separated by conventional zone electrophoiesis. A typical re‘'Ult is shown 
by the normal thyroid in Figure 4. The major radioiodine band extended, 
in all cases, from the anodal end of the beta globulin zone to the anodal end 
of the albumin zone. The peak of the radioiodine zone varied slightly, a^ 
indicated in Table 1, and was either coincident with the alpha-1 globulin 
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Fig. 4. Zone electrophoresis of unfractionated soluble iocloproteins in the normal 
thyroid and in the follicular adenoma of case 3. (Barbital buffer, pH 8.6, V/2 0.1, con¬ 
ventional technique.) The anode is at the left. Cf. Figure 3. 
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zone or with the inter-alpha globulin space, or was intermediate i^etween 
tliese. The latter is listed in Table 1 as “slow a-1.” No consistent difference 
was found between the normal and abnormal tissue groups, but in normal 
and abnormal tissue from the same subject, minor differences were some¬ 
times seen (cf. Fig. 4). There was no difference between th 3 n-oglobulin 
labeled in vivo and in vitro. In about one-half of these experiments, suffi¬ 
cient thjToglobulin n^as present to be fusible on the stained protein sti-ip. 
It appeared to extend from the intei--alirha space to the anodal end of the 
alpha-1 zone, and sometimes obscured the alpha-globulin landmarks. 


ADENOMA 

NORMAL 

S2o = 4 12 18 27 



Pjg. 5. Sedimentation of the unfractionated saline extracts of the normal tlnToid 
and follicular adenoma of case 4 (59,900 rpm, 0,4% solution in 0.15 M XaCl). The ex¬ 
tracts had been dialj'zed, l 3 ’oph 3 'lized and redissolved in the saline. The values above and 
below the schlieren patterns give the sedimentation coefficients, in l>veliberg^, of the 
corresponding boundaries. Note the difference in location of the menisci m the ^tandal■d 
and "wedge” cells. 


Anal 3 dical ultracentrifuge auatyses of the saline extracts of Imth normal 
and adenoma from case 4 , and the fractions prepared from these extract', 
are presented in Figures 5 and 6 and summarized in Table 4. In keeping 
with the data in Table 3, the xvliole extract from the adenoma contained 
relafivel 3 ’' less tlDwoglobulin ( 5.0 = 19 S) than did that from the norma! ti'- 
sue. The 1.4-1.75 i¥ and the 1.92-2.98 ilf fractions, liowever, were (luite 
similar in the two tissues. The sloxv component in each of the more .'olulrle 
fi'iictions did not break up during centrifugation for 60 minute.s but its 
as3-rametiy indicated heterogeneit}". As discussed elsewhere (1), an identi¬ 
ty between the slow component in the schlieren pattern and tiie S-I iodo- 
protein has not been established. 

The fractions less soluble than th 3 TOglobulin (Table 3) were not exam- 
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wns possible to compai-e the vai'ious fractions. Each of the hydrolysates 
contained iodinated tyrosines, thus attesting to the protein nature of the 
materials under study. The lon^ jdelds of iodinated tlDuonines was expected 
.since all but one of tlie tissues were labeled in vitro. Not only does in vitro 
labeling appear to be a relativelj’^ .slow process, but it is furthermore limited 
to 4 or 5 hours. Most of the hydrol 3 '.sates contained unidentified radioactive 
components, as was the case in the rat (1). One of these is listed in the Ta¬ 
ble, and its relationship to monoiodoi 3 ’'rosine has been discussed elseAvhere 
( 1 ). 

Comparison of tim hydrol 3 'sates of particulate iodoprotein withiodo- 


Tabi-k 5. llYi)Hoi.ysis ok lonornoTEi.xs in human and sheep thvkojd tissue 
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T,+Ts 

Case No. 

0 

I 

M 

D 
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M 
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U 















iM 

D+M 







M 

M 




A. .Soluble in 0.1,7 M iXaCl 





B. Particulate 



Noriiiiil 

human 
















4 

4 

3 

04 

32 

2 

.50 

.021 

10 

0 

61 

28 

2 


.46 

.022 

5 

S 

7 

48 

40 

4 

.8.3 

.045 

4 

10 

50 

12 



.20 

0 

6 

r, 

7 

30 

58 

n 

1.0 

.12 

33 

18 

6 

69 


25 

2.2 

0 

Abnormal 
















hunmn 











30 



.49 

0 

J-lfl) 


s 

00 

32 

2 

.53 

.022 

10 

14 

01 



4 i 


4 

55 

30 

5 

.05 

.055 

8 

8 

60 

27 

5 


.45 

.058 

13(2) 


10 

81 

10 


.10 

0 

5 

17 

05 




0 

0 

—.-..n.- n-.. 

fiiH 

C. 

Insoluble 111 l.OS M phosphate 



D. Soluble in 

LD2 il phosphate 


Noritml 

Uuiuau 











16 



.20 

0 

4 

8 

4 

04 

31 

3 

.48 

.031 

8 

9 

81 


30 

r, 

6 

3 

55 

42 

2 

.70 

.021 

O 

0 

30 

16 


.21 

0 

,\bnnimal j 
















human 

4 i 

3 

n 

52 

34 

0* 

.05 

.10 

0 

7 

75 

18 

4 


.24 

.043 

Noimal 1 
sheep 

i 10 

15 

05 

22 

3 

..34 

.015 

10 

GO 

50 

17 



.34 

0 


Definition of symbols; 0=I"> at chromafOKrnm onpin. ] =iodid^ 

T, =tliyro\inc, Tj =triiodotliyroninc, U =nnknown (cf tc\t). Vnhics forO and I are in of P? 

protein. Values for M, D, T, and U are in terms of per cent of hydrolytic products other than iodide and nnmobi 

inaterml. Deviation of the sum of these values from 100% is due to other unknowns. . , «v 4 ropf nr 

Pari A=rvholc thyroid evtvact or supernatant. Parts C and D = fractions obtained from the extract or super 
nafant. In all but case 6, the extract or supernatant was dialyzed pnor to hydrolysis. 

* This hydrolysate also eontained 2% Ta. 


proteins soluble in 0.15 M NaCl reveals certain differences. The particu¬ 
late iodoprotein gave rise to relatively more iodide and to more immolfile 
radioiodine. The latter may be imhydrolyzed or partially hydrolyzed pro¬ 
tein. Except in one case, this component was not as larp as in the ra • 
tumors (1). The origin of the iodide is unclear. Of the remaining hydro 3 dic 
products, the relative proportions of diiodotyi-osine (D) and monoiodo- 
t 3 U’osine (M) ivere similar in 3 of the }i 3 ^drol 3 "sate pairs. In the ot rei^ , re 
ratio D/M was lower in the particulate iodoprotein. The low yie o 
th 5 a-oxine and triiodoth 3 U'onine made the iodoth 3 a'oninyiodot 3 iosme 
ratio somewhat unreliable. In case 6, horvever, the th 3 U'oxine conten o 

particulate radioiodine was clearty lower. _ n i n f 

Comparison of th 3 U'ogIobulin and the S-1 iodoprotein (parts C an o 
Table 5} reveals a consistently lower diiodot 3 ''rosine and th 3 U‘onine con en 
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in the latter except in the sheep thjToid. The reason for the unusuallj’’ large 
amount of iodide in sheep thj'roid S-1 is unknown. 

As discussed previousi}’- (1) the difference in hydrol 3 'sis products among 
the iodoproteins indicate that tlie proteins are not artifacts of the frac¬ 
tionation procedures. 


COMMENTS 

Tlie iodoproteins of human and sheep th 3 Toid tissue described in tliis 
paper are analogous to those found in a functioning rat th 3 'roid tumor (1). 
As proposed in the preceding paper, the 3 " ma 3 ’' be classified according to 
their solubilit 3 ’' in 0.15 M NaCl as particulate iodoprotein, or “th 3 U'oid 
P-T’ and soluble iodoproteins, or “th 3 Toid S-1” and th 3 u-oglobulin. 

The association of human th 3 n-oid P-1 iodoprotein with specific sub- 
cellular particulate fractions has not been as M-ell delineated as it has in the 
rat. Even in the rat, however, its apparent association with cell nuclei has 
not been conclusivel 3 '' proved. The quantit 3 ' of th 3 noid P-1 iodoprotein was 
highest in a follicular th 3 n-oid carcinoma, but was apparenti 3 " present in 
normal tlDWoids and in benign goiters as well. Particulate iodoprotein was 
not studied in the sheep. 

The soluble th 3 ''roid iodoproteins of man and sheep were different in cer¬ 
tain respects from those found in the rat. The solubilit 3 ^ of human thyro- 
globulin in phosphate buffer was slightl 3 ’- greater than that of rat thyro- 
gloljulin, and sheep thyroglobulin appeared to be less soluble than either 
human or rat. These thyroglobulins also differed in electrophoretic mobil- 
it 3 ’', those of man and sheep being slower than rat tlyyroglobulin. The slight 
differences in electrophoretic mobilit 3 ' of human thyroglobulin among the 
tissues studied are like that described in one case by Easty, Slater and 
Stanley (4). 

Th 3 n-oid S-1 iodoproteins were different in each of the species studied, 
as revealed b 3 " zone electrophoresis. In man, S-1 iodoprotein had the mo- 
bilit 3 " of serum albumin, although there ma 3 ' have been a small amount 
moving with the serum globulin as well. In the sheep, S-1 iodoprotein ap¬ 
peared to consist of 2 main components, one with the mobility of human 
albumin, and one which moved with human alpha globulin. In the rat, S-1 
iodoprotein was composed of 3 more or less equal components, the fastest 
of which moved behind human serum albumin. 

It is of considerable interest that human tln'roid S-1 iodoprotein bears a 
close resemblance to the iodoprotein found in the blood of patients with 
functional carcinoma (5, 6) as well as that in a patient with congenital 
goiter (7) and, although the data are le.ss complete, in chronic thyroiditis 
(S). The data reported here demonstrate that th 3 "i'oid S-1 iodoprotein is 
present in normal thyroid glands, as well as in tissue representing a variet 3 ’ 
of benign and malignant thyroid disorders. The highest proportion of this 
material was found in 2 follicular adenomas. It has not been shown, Jiow- 
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ever, wliether this is tlie result, of an alisolute increase in the concentration 
of S-1 iocloprotein, or a relative decrease in thyroglobulin. 

Additional evidence that thyroid S-1 iodoprotein is related to the iodo- 
protein in blood is the finding that rat tlijn-oid S-1, while differing from 
thyroid S-1 in other species, resembles the iodoprotein found in the blood of 
rats with thyroid tumors (1). 

Further speculations on the nature of the non-thyroglobulin iodoproteins 
and their possible significance are discussed in the preceding paper. 
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THE EFFECTS OF HYPOTHALAMIC LESIONS ON GOITRO- 
GENESIS AND PITUITARY TSH SECRETION IN THE 
PROPYLTHIOURACIL-TREATED GUINEA PIG^ 

E. M. BOGDANOVE and S. A. D’ANGELO 

Departments of Anatomi/, Albany Medical College of Union University, Albany, 

Ncio York and Jefferson Medical College, Philadelphia, Pennsylvania 

ABSTRACT 

Propylthiouracil (PTU)-induce(l goitrogcuesis was sel('cti\'oly impaircfi in 
male guinea j^igs by anterior hypothalamic lesions. These lesions also reduced 
or abolished the PTU-induced enlargement of tlie adenohypophysis and the 
increase of thyrotrophin (TSH) stores therein, without causing gonad atroj)li\-, 
A'lorc posterior lesions affeeted TSH secretion less and did cause gonad atrophy. 

The findings are interpreted to mean that neither the synthesis nor the release 
of TSH can reach ma.ximal levels in the absence of the neural structures which 
were damaged. 

I N RATS, appropriate liypothalamic lesions have been found to impair, 
but not abolish, thyrotrophin (TSH) .secretion (1-5). In clogs, on the 
other hand, similar lesions seem to eliminate TSH secretion, or at least its 
release phase, since they reduce both thj'roid size and uptake to h 3 'poph- 
ysectomy-like levels (6). This apparent species difference in the extent 
to Avhich TSH secretion may be decreased b}' hypothalamic damage sug¬ 
gests that further comparative studies, such as the one pi’esented here, 
may be of value. In this investigation the question of whether not only the 
release but also the synthesis of TSH can be impaired by lesions of the hy¬ 
pothalamus has been approached through the study of pituitary TSH 
stores and thyroid activity in the propylthiouracil (PTU)-treated guinea 
pig. The choice of experimental animal was governed bj” the following con¬ 
siderations. 

The amount of hormone synthesized during an experimental period 
must equal the algebraic sum of the amounts stored in, and released fi'om, 
the adenohypophj'^sis. The stored TSH may be assayed directly, but indices 
of released TSH, such as \'arious thyroid responses or e\-en measurements 
of circulating TSH levels, are only indirect since they give no indication of 
how much released TSH may have been cleared or destroyed by extra¬ 
thyroid mechanisms. In the rat, the effects of hypothalamic lesion.s arc 
made most evident by chronic PTU-treatment (1-3, 5). However, the pi- 
tuitaiy TSH stores of PTU-treated rats are low, despite a rapid rate of 
TSH synthesis (7). Because of the uncertainty with which release can i)e 

'Supported by Grants B-70S and A-432 from the Xational Institlife.-: of He.-dtii 
I'.S.P.H.S. Presented at the !05S meeting of the Ameriean Goiter .\s<neiaf ion. 
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estimated, tlie effects of Jiypothalamic lesions on blood and pituitary TSH 
levels in such animals (5) ma}'- be difficult to interpret. In the guinea pig, 
on the other hand, chronic PTU-treatment leads to an increase of pituitary 
TSH stores as well as thyroid enlargement (7, 8). Thus, all 3 phases of 
TSH secretion—synthesis, storage and release—proceed at accelerated 
rates during goitrogenesis in this species. In such a situation, the impair¬ 
ment of TSH release by hypothalamic lesions should effect a decrease of 
fh.yroid hypertrophy, whei-eas a lessened capacity for TSH synthesis 
should lend to diminish adenoh 3 'poph 3 '^seal TSH accumulation. 


MATERIALS AND METHODS 

Hyjiothalamic lesions were made, under ether anestlicsia, in young (212-370 gm.) 
and adult (400-G50 gm.) male guinea pigs, using a “homemade’’ stereotaxic device.^ A 
direct (anodal) current of 3 to 4t m.a., applied for 20-45 seconds, was used for each 
lesion. Coordinates were determined empirically. In each experimental animal 2 or 3 
lesions were placed so as to fuse acro.‘;s the midline. Most lesions were made in the 
anterior h^ypothalamus, but a feu’ were placed in the median eminence region and some 
in the anterior thalmus. Sham operations consisted of trephining the skull, with or with¬ 
out electrode insertion. 

Postoperativcly, the guinea pigs were jdaced in cither wire mesh cages (6-S young) 
or wooden pens (7-12 adult). Since no behavioral effects of the lesions were noted, 
exj)erimental and control animals shared the same quarters. The basic diet was Purina 
fox chow meal, mixed with PTC^ (0.15%). Raw vegetable supplements were fed 4-7 
times weekly, and taj) water was allowed ad Hbilum. Flaked oats, ascorbic acid (2%) and 
siilfadiazene (2%) with NaHCOa (G%) were added to the basic diet of the adults (Groups 
VII and VIII). The sulfadiazcne was found to decrease the incidence of respiratory in¬ 
fections. Both young and adult “eutliyroid” controls (unoperated) received similar treat¬ 
ment, but without cither PTC or sulfadiazene-bicarbonate. 

The guinea pigs were fed the PTU diet for GS-113 days, and weighed biweekly. At 
sacrifice, thyroid-serum radioiodide concentration ratios (T/S) were measured as fol¬ 
lows. One hour after a subcutaneous injection of 30 mg. of PTU (in alkaline solution), 
20 pc. of Nal'^' were injected subcutaneousb'^ into each animal. Blood samples were re¬ 
moved GO-SO minutes later under ether anesthesia. The guinea pigs were then killed 
and the pituitary and thyroid glands removed immediately. The radioactivity in 50 mg. 
of serum and in about 10 mg. of thyroid tissue was measured by /3-counting. T/S ratios 
were calculated conventionally (9). 

Adenohypophj’ses, stripped of neural lobes, were weighed rapidlj' and frozen (in 0.5 
ml. of 0.25% acetic acid-0.S5% NaCl solution) for subsequent TSH assay. Brains were 


- The stereotaxic device utilized a cat-monkej’^ headholdcr. The ear bars were 21" 
high, their support posts were 3" apart and the tooth clamp was adjustable. (This head- 
holder, mounted on a 7" square base, was supplied by the late Air. Roy Johnson.) A 
raised (2") level platform (5"X2") was mounted on the base plate to the left of the head¬ 
holdcr, and the electrode-carrier unit of a Kreig-Johnson rat stereotaxic instrument 
bolted thereon with jf210 thumb bolts. This improvised device allowed the same stereo¬ 
taxic instrument to be rapidl.y converted for use on either rats or guinea pigs. A unipolar 
electrode, protruding 15-17 mm., with 1 to H mm. bare at the tip, was used for the 
guinea pigs. 

^ The PTU was generously donated by Dr. R. J. Turner of the American C.yanamid 
Company. 
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fixed in 10% neutral formalin, Tissuemat-embedded, and sectioned serially at 10/i. 
Every 9tli and 10th section was stained with thionine for lesion-localization studies. 
Thyroid, testis and seminal vesicle weights were recorded and the tissues processed for 
histologic study. The organ weights were converted to relative weights (mg./lOO gm. 
body weight at sacrifice) and are discussed as such in this paper. 

TSH bioassays were carried out in stasis tadpoles on homogenates of 5-10 pooled 
anterior lobes, as pre\dous!y described (10). 

RESULTS 

Goiirogenesis. PTU treatment for 68-75 daj'S increased the mean th.yroid 
weiglit of 12 young guinea pigs without liypotiialamic lesions appi-oximale- 
ly four-fold (Table 1, Group II vs. Group I, P .004). The same treatment 
raised thyroid weight less than two-fold in 15 animals with such le.sions 


Table 1. Body and organ weights and T/S ratios in “ErTHYROiD” controls and 

I'ROPYLTHIOUHACIL-TREATED GUINEA PIGS, WITH AND WITHOUT HYPOTHALAMIC LESIO.NS 




Body 

Dajs on 

\Vt- gam* 


Organ weights— 
mg /lOO gm 





(sm ) 

PTU 

(gtii /day) 


Testis 

Seminal 

\esicle!> 
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Euthyroid 
Control (13)t 
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0 

— 

1 70± 

09 ! 

527128 

11916 
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5718 

n 

PTU 

Control (12) 

461 ± 17 


1 881 

30 

~2 481 

Is’ 

550125 

11219 

43 9±10 4’ 

1 

' liUilo 

m 

Hypothal 
Lcsion<i (15) 

444 + 29 


1 861 

31 

1 99 + 

11 

594127 

178+ 12 

17 511 8 

; 360±O3i‘ 

IV 

PTU 

Contiol (6) 

553 + 33 


2 301 

10 

3 041 

38 

537 + 18 

164 + 27 

96 410 8 

10815 

v 

"Goiter 

Block" (6) j 

597 + 49 


2 30 + 

42 

1 65 + 

IS 

i 

585 ±30 ^ 

i 

176120 

10 0±J 5 j 

i 

271137 

VI 

’Tncffccti\e" 
Lesions (6) 

512114 


2 031 

23 

1 95 + 

27 

420 ±30 j 

1 122125 1 

1 

74 ± 10 4 

250145 

vif 

PTU 

Control (5) 

1071180 

103 

2 801 

52 

1 70 + 

26 

355118 

149117 

* 1 

■ 43 7 ± 5 5 j 

486 + 54 

vin 

"Inoffcctive" 
Lesions (6) 

938 ±95 


2 35 + 

68 

1 26 + 

n j 

460 + 35 

j 187 + 7 

1 

30 7 + 6 7 j 

5S1 ± i3'I 


* During PTU feeding, 
t Anterior lobe onlj. 
j No. of animals. 

5 S.E. of mean. 

|j Average of only 11 data. 

(Group III vs. Group I, Pp^.OOl). The lesions thus decreased gohrogenesis 
by more than 50% (Group III vs. Group II, P?^ .02). However, .since some 
of the PTU-controls did not show appreciable thyroid enlargement, it was 
not possible to attribute the absence of goiter in individual animals of 
Group III to their lesions, even though “goiter block” was evident in the 
group as a whole. To raise control thyroid weights further, so that indi¬ 
vidual goiter-blocking lesions might be selected, a longer PTU-treatment 
period (>100 days) was used subsequently. For 5 young PTU-controls 
(Group IV), the longer treatment resulted in striking (ten-fold, P<.001) 
ihyroid enlargement. Similar treatment produced less marked, but still 
significant (P?^.001), goiter formation in 5 older controls (Group VII). 
Fifteen younger (Groups V and VI) and six older (Group Mil) guinea 
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pigs with hypothalamic lesions survived the prolonged PTU regimen. Of 
the younger, 3 which exhibited severe gonadal atrophy were not included 
in the table (but are included in Fig. 1); the remainder were divided into 
“goiter block” (V) and “ineffective lesion” (VI) groups on the basis of thy¬ 
roid weight. Group VIII did not exhibit “goiter block,” although one of its 
members had a thyroid weight in the “goiter block” range (21.2 mg./lOO 
gm.). 

T/S ratio. The average “euthyroid” T/S ratio was 57+8. PTU treat¬ 
ment increased this value from four- to ten-fold (Table 1). Neither in 
Group V nor in other groups did lesions prevent this increase consistently, 
although a few animals in Group III did have T/S ratios in the “euthy¬ 
roid” range. The findings even suggest that the le.sions tended to increase 
the T/S ratio.s, but the average increases were not statisticall 3 " significant. 
Thyroid size and T/S ratios tended to be I’elated invensel}’^ (Fig. 1). 

Thyroid microscopic slruchtre. PTU-treatment for 68-75 da 3 ’s induced 



THYROID WT-Mg./lOO Gm. 

Fig. 1. Graph of thyroid weight and T/S ratio for individual male guinea pigs fed 
propylthiouracil (PTU) for 6S-113 days. The small square with crossed diagonals at 
the lower left of the graph indicates the mean tigroid weight and T/S ratio (center of 
square) and standard deviation (perimeter of square) for 13 “euthyroid” controls 
(Group I, Table 1). The dotted lines which enclose this square represent 3 times the 
standard deviation and should limit over 99.9% of individual “eutlwroid” values. The 
vertical line made of dots and dashes indicates the arbitrary limit (30 mg./lOOg.), above 
which “goiter block” was not considered to be appreciable. Open s.ymbols = PlU con¬ 
trols (sec legend); solid symbols = h 3 q)othalamic lesions. 
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marked changes in the microscopic thjToid structure of controls (Group 
II), wliich roughly paralleled in extent the increases of thyroid weight. 
“Euthyroid” (Group I) glands were characterized by squamous acinar 
epithelium and dense colloid containing only small peripheral vacuoles 
(Fig. 2). Three (25%) of the Group II glands, weighing between 12 and 
16 mg./lOO gm., closely resembled those of Group I; the others had cuboid- 
al or columnar epithelium and whatever colloid they contained was more 
dilute. In 9 (60%) of the Group III guinea pigs thyroid structure appeared 
inactive. In general, as thyroid weight increased, cell height did too and 



Fig. 2. Thyroid gland of guinea pig not given PTU. Squamous acinar epithelium, 
dense colloid. 

Fig. 3. Thyroid gland of guinea pig fed PTU for 113 days. Weight: 104 mg./lOO gm. 
Fig. 4. Thyroid gland of guinea pig with “goiter block” after 113 days of PTl treat¬ 
ment. Weight 11.4 mg./lOO gm. 


the colloid became progressiveh* more dilute and highly vacuolated. The 
largest glands were virtually devoid of colloid and their follicle.< appeared 
collapsed. 

The th\Toid glands of 102-113 day PTU controls (Group IV) similarly 
looked highly stimulated (Fig. 3). In Group V, only the large.^t gland ex¬ 
hibited cuboidal epithelium and dilute colloid. The other.s had .•'quamou^ 
epithelium and colloid which seemed to be only a bit less den^e (Fig. 1) 
than that seen in Group I. 

The two smallest glands in Group VI (42 and 52 mg. 100 gm.) appearcfl 
le.ss stimulated than the rest which resembled those of group lY. However, 
even these two glands had low columnar epithelium, definitely greater in 
height than any in Group V. 

Pihiitary size and TSH conieni. In the younger controls. PTU treatment 
for 102-113 days increased anterior pituitary weight 46% (Group v,'. 
Group I, P = .001). Both Group V and Group VI le.don-j reduced i hi' hyper- 
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UNOP. 

CONT. 

HL 

HL 

NO PTU 

PTU 

NO GX 

GX 

(10) 

(5 ) 

(6 ) 

(6) 


Fig. 5. Chart of UK'an thyroid and adcnolij’pophyscal weiglits and adenoliypophj’seal 
'J'SH conccMitrations for Groiip.s I, IV, VI and V (see Table 1). Vertical lines through 
top.s of bans represent either standard error of mean (for gland weights) or range cor¬ 
responding to 1 standard ei-ror of the mean tadpole thyroid cell height response (for 
anterior jutuitary ’I’SH bioassays). 

ti’op]i.y apprecia))ly (Table 1), but the effects were not statistical!}" signifi¬ 
cant. Adenohypophyseal weight was also greater in the older PTU controls 
(Group VII) than in conipai'able guinea pigs Avith lesions (Group VIII), 
but as there Avere no "euthyroid” controls of similar age and body Aveight, 
this difference cannot be eAmluated fully. 

In Figure 5 the relatiA^e thyi-oid and anterior pituitary AA'eights for 
Groups I, IV, VI and V of Table 1 are compared AA'ith the corresponding 
adenohypophyseal TSH concentrations. These AA-ere 0.45 (0.35-0.55), 15.0 
(10-25), 2.5 (1.8-3.0), and 0.6 (.45-80) milliunits (range) per mg. of Avet 
AA'eight, respecth^ely. The concomitant changes of anterior pituitary size 
and TSH concentration, and of thyroid size, in guinea pigs receiAong 
chronic PTU-treatment are in accord AAuth preAuous findings (7, 8). The 
lesions of Groups V and VI either decreased or abolished these changes. 
Although the anterior lobe hypertrophy (75%) seen in Group IV AA"as not 
as great as the increases (>1000%) in th3"roid size and anterior pituitary 
TSH concentration, it should be taken into account in eA^aluating total 
TSH stores. These AA^ere calculated (mean TSH concentration X mean 


Pit. TSH Cone.-milllunits/mg. 
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Fig. G. Diagram of sagittal section of guinea pig cHencephalon, witlr parasagittal 
.structures shown by projection. ON, OX, OT = optic nerve, chiasm and tract; AX and 
PX = antorior and posterior commissures; MB = mammillary body; MI = massa inter¬ 
media ; FX = fornix; M-Th = mammillo-thalamic tract; H-P = habenulo-pedunciilar tract; 
Hab. = habenular nucleus; P-V = paraventricular nucleus; S-X. S-0 =suprachiasmatic 
and supraoptic nuclei; .-\.rc = arcuate nucleus; Hyp. = hypophysis (P.L. = posterior 
lobe, A.L. =anterior lobe); Third ventricle is stippled. The lesions of group V were in 
tlic area shown by horizontal hatching. Group VI lesions were in the area shown by 
vertical hatching. 

Fig. 7.Sectiontirrougb a Gionp Y lesion fgninea pig ob, tiiyroiii weight ii.4 mg./iOO 
gm.; te.stis and seminal vesicle weights were 715 and ISo mg./lOO gm., respectively). 
The lesion did not involve the median eminence FX = fornix; OT = optic tract. 


adenohypophyseal weight) to be about 4.3, 250, 25 and 5.G U.S.P. niilli- 
units of TSIi per gland for Groups I, IV, VI and V, respectively. 

Gonads. Three lesion-bearing guinea pigs with marked testicular and 
seminal vesicle atrophy as well as “goiter block” were no! included in 
Table 1. Slight testicular atrophv was seen in 5 of the 6 animals of Group 
VI. 

The gonads of the other animals were well maintained. In fact, seminal 
vesicle weight was increased significantly (P <.001) in Group III, suggest¬ 
ing heightened androgen secretion. This accessory sex gland hypertrophy, 
cited elsewhere (11), was observed less frequently in the other groups. 

Lesion localization. In the G animals of Group V, the fairly symmetrical 
lesions destroyed the region of the paraventricular nuclei and extended 
between the columns of the fornix from just behind tlie anterior commis¬ 
sure well into the anterior part of the ventricle (Fig. 7, cf. Fig. G). They 
u.sually reached to the floor of the brain at some point between the optic 
chiasm and the median eminence. 
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Similar lesions were found in Group ITT animals without goiters. Al¬ 
though it cannot safely be said that they caused “goiter block,” it is possi¬ 
ble to state that no guinea pig wilh such a lesion exhibited a large goiter. 

In geneial, the ineflectivc le.sion.s were somewhat more posterior 
(Group VI) (Fig. 0) or else similarly placed but .smaller or asymmetrical 
(Group VIII). Tho,se wJiich caused gonad atrophy were basal and greatly 
damaged either the infundibulum (2 of the 3 omitted from Table 1) or the 
arcuate nucleus region. In this connection it is of interest that the testes 
and seminal vesicles of 5 of the 6 guinea pigs in group VI weighed less 
than the control (Group IV) average. The lesion leading to gonad atroplty 
in the male guinea pig thus appears to be similar to that causing gonad 
atrophy in the male rat (12). 


mscussroiv 

These findings clearl}'' indicate that appropriate h 3 '^pothalamic lesions 
ma}" produce “goitei- block” in the guinea pig, preventing not onl}" most 
of the th^u’oid weight increase but also, to a great extent, the microscopic 
manifestations of goitrogenesis. On the other Jiand, few lesions prevented 
an increase of the T/S ratio after PTU treatment and in no instance was 
this ratio significant!}' less than the mean ratio for “euthyroid” controls 
(Fig. 1). Although data are not available on the T/S ratios of PTU- 
treated, hypophysectomized guinea pigs, it seems reasonable to assume 
that in such animals the T/S ratio would be less tlian 57. Taken together 
with the fact that most of the lesions which affected thyroid structure did 
not prevent the PTU-induced rise of the T/S ratio (Fig. 2), this seems to 
indicate that the lesions did not block TSH secretion completely. The T/S 
ratio in the rat responds to very much smaller amounts of exogenous (13) 
or endogenous (14) TSII than are needed for tliyroid hypertrophy or hyper¬ 
plasia. If these parameters can be assumed to re.spond similarly in the 
guinea pig, it follows that the extent to which TSH release in this species 
has been impaired by hypothalamic lesions is greater than in the rat (4, 5) 
but less than in the dog (6). 

The “euthyroid” T/S ratio (57 ±8) found in this study was somewhat 
higher than that found in rats not treated chronically with goitrogen (4, 9). 
This is of interest in view of the relatively low level of thyroid activity in 
the normal guinea pig (8). 

The marked reduction of TSH stores in the adenohypophyses of PTU- 
treated guinea pigs with hypothalamic lesions, whether or not the}' de¬ 
veloped goiters, suggests that TSH synthesis may ha^'e been impaired even 
more than release. This point will require further investigation, however. 
Since thyroid size is only a crude index of TSH release, there might well 
have been some degree of “goiter block” even in animals with considerable 
thyroid enlargement. The determination of circulating TSH levels might be 
helpful in elucidating this question. In any case it is clear that both the 
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release and storage of th 5 'rotrophin were decreased markedly by lesions 
which did not impair gonad maintenance. We interpret this to mean that 
such lesions can selectivelj’’ impair TSH synthesis, as well as release. 

This seems to be in contrast with the failure of hypothalamic lesions to 
prevent TSH reaccumulation by the adenohypophj'ses of rats from which 
PTU had been withdrawn (15, 16). Although TSH synthesis in the rat did 
not appear to be influenced b}' h 3 '^pothaIamic lesions in this situation, it 
clearly was impaired under other conditions (5). In the absence of anj^ 
report on the effects of hj-^pothalamic lesions on the TSH “rebound” 
phenomenon in the guinea pig, further comparison of the neural influences 
on TSH synthesis in these two species must be withheld. 

It is not yet possible to identifj’^ the neural structures which appear 
necessary for augmented TSH secretion in the guinea pig. As in the rat 
(1-4, 12) and dog (6) thej' seem to lie, at least in part, in the anterior 
hypothalamus. They may be damaged demonstrably by lesions which do 
not seem to interfere with testicular maintenance and therefore must be 
somewhat separate from the neural mechanisms concerned with gonado¬ 
trophin secretion. 
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ANTIGOITROGENIC AND CALORIGENIC ACTIVITIES 
OF THYROXINE ANALOGUES IN RATS' 

NEIL IL STASILLI, ROBERT L. KROC AND 
ROBERT I. MELTZEll 

Warncr-Lamhcrl Research Inslitulc, Morris Plains, New Jersey 

ABSTRACT 

'J'Jic relative iJotcncics of more than forty thyroxine analogues and a soluble 
hog th 3 'roglobulin extract were established in parallel goiter-prevention and 
ealorigenic assays against the same thyroxine standard. By both methods of 
assay twelve of the preparations had activities ranging from 5% to 800% of 
that of th 3 ’roxine. The activities, if an 3 ’, of the remaining analogues were less 
than 3% of that of the standard. 

.\nal 3 ’sis of area-under-curve and speed of response in ealorigenic assa 3 's 
indicated that all the active analogues and soluble tlnwoglobulin were qualita- 
tlvcl 3 ' similar with respect to this parameter of th 3 ’romimetic function in normal 
adult male rats. Tlyvroglobulin was charactcristicall 3 ' more active than expected 
when its potcnc 3 ’, relative to tlyvroxinc, was calculated on the assumption that 
its thyronine-bound iodine, as determined by the Blau, 1935, procedure, was in 
the form of th 3 Toxinc. 

Correlations of structural changes with corresponding assay activities indi¬ 
cated the following generalizations: (a) analogues having an intact alanine side 
chain required iodine substituents at least in the 3 and 5 positions as a condition 
for biological activity. Th 3 'ronines having iodine substituents in the 3, the 3 and 
3', or the 3, 3' and 5' positions were biologicalE inactive at rclativcl 3 ' high dose 
levels; (b) the potency of analogues with deaminated side chains decreased as 
the chain length increased from two to four carbons; (c) analogues having a de¬ 
aminated side chain required iodine substituents in the 3 and 5 positions with 
additional iodine substitution in either or both the 3' and 5' positions, as a con¬ 
dition for biological activit 3 ", but 3,5,3'-triiodo compounds were not necessarily 
more active than the corresponding 3,5,3' ,5'-tctraiodo derivatives; (d) inactive 
3,5-diiodoth3u-opropionic acid was activated by introduction of meth 3 d groups 
in jjositions 3' and 5'; (c) replacement of the phenolic h 3 ulrox 3 'l group at the 4' 
position b 3 " the meth 3 mx 3 " group caused a significant reduction in goiter-pre¬ 
vention activit 3 ^ 

Ratios of antigoitrogenic to ealorigenic potencies, ranging from approxi- 
matel 3 " 1.0 for 3,5,3'-triiodo-l-thyronine to 5.0 for 3 , 5 , 3 ', 5 '-tetraiodoth 3 Toacctic 
acid, were indicative of a real dichotom 3 ' of action for some of the analogues. 

The decomposition of 3,5,3',5'-tetraiodothyroacetic acid and two other 
analogues, in alkaline solution, suggested a note of caution with regard to the 
interpretation of previoiisl 3 " published bioassa 3 '^s for such preparations. 

Comparative results showed that in most cases, the ealorigenic assa 3 ' could 
be used interchangeably with the antigoitrogenic assay to predict the exogenous 
dose of an analogue equivalent to the dail 3 ’' endogenous hormonal output b 3 '^ 
normal rat thyroids. 

^ Presented at the 1958 Meeting of the American Goiter Association. 
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B ioassay results, covering forty-five thyroxine analogues, are pre¬ 
sented as a contribution toward the increasing effort to delineate the 
effects of alterations in molecular structure on biological activity (1-5). 
The difficulties of correlating structure and activity from the reports of 
many investigators are enhanced by the variety of bioassay methods em¬ 
ployed, unreported activitj’- for a given compound by one or more assay 
methods, and the uncertaint}'^ regarding the identit}" and purity of some 
of the tested compounds. 

This study was designed to overcome the aforementioned difficulties by 
employing a closely correlated program of organic synthesis and bioassays. 
Thus, virtually all the analogues were prepared and carefully characterized 
in these laboratories. Antigoitrogenic and calorigenic assays emplojdng rats 
of the same strain and source were conducted in these laboratories while 
Money et al. (6, 7) assayed the compounds for I*®’ uptake activities in rats 
and also for induction of tadpole metamorphosis. Accordingty, compari¬ 
sons between analogues, assay methods and species could be made with 
greater confidence. 

During the course of this work an unanticipated decomposition of cer¬ 
tain thyroxine analogues in alkaline solution was observed. Special atten¬ 
tion was therefore given to the critical evaluation of the results of bioassays 
performed on such compounds. 

MATERIALS AND METHODS 

Antigoiirogcmc Assay 

During the fourteen day test period female albino rats, weighing 160-190 gm., were 
allowed free access to tap water and powdered rat diet containing thiouracil (0.3% by 
weight). Room temperature was maintained at 75°+3° F. Solutions of thyroxine and 
one or more analogues- were assaj’ed simultaneously. Rats were injected subcutane¬ 
ously, daily, on Days 0 through 13. Five to ten animals were allotted to each dose level 
and three or more dose levels were employed for each of the active analogues. On Day 
I-l, the thyroid glands were rapidly removed, cleaned, weighed to the nearest O.I mg. 
and recorded for each rat as mg. of gland weight per 100 gm. of body weight. Prepara¬ 
tions suspected of having little or no activity were screened at a single dose level which 
was at least twenty times the dose of thyroxine (4 ^g-^^rat/day) required to produce a 
67% inhibition of thiouracil-goitcr. Compounds found active by screening were re¬ 
assayed at three or more dose levels. 

Cnfon'fjcinV Assay 

Male albino rats weighing 2S0-320 gm. were trained to cat their total rlaily require¬ 
ment of powdered rat diet between 11:30 .\.m. and 4:30 e.M. daily (.S) for at loa^t tno 


- Crystalline /-thyroxine and 3,5,3'-triiodo-/-thyronine were obtained from Cyclo 
Chemical Cor]i., Cal. Gifts of the following analogues are gratefullv acknowledged: 
.l,5,3',5'-tetraiodothyroacrylic acid from Dr. Stanley IVawzonck, State Univ. of Iowa. 
Iowa City; 3,o-diiodo-3',5'-dimethylthyro-propionic acid from Dr. Norman Kharasch. 
I niv. of Southern California. Los .•Vngcles; 3.5,3'.5'-tetrachloro-d/-thyronine .-yntlu-izcd 
by Sir. C. R. Harrington and furnished by Dr. J. Lcrman. Boston. 
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weeks prior to and during the BMR test period. BMR tests consisted of three or sk 
consecutive ten-minute readings of oxygen comsumption for each rat on several days 
before, during and after drug administration. TJicse determinations were always made 
between 8:00 a.m. and 11:30 a.m. Thus, the fasting period preceding each BMR test 
varied between sixteen and nineteen hours. Twelve Benedict-type (9) closed circuits 
maintained at 29° ±0.2° C made it convenient to run twent}Mour to forty-eight rats 
each morning. Tiic lowest two or four ten-minute readings of the three or six, respec- 
ti\'ely, wliich were made for each rat were averaged, corrected to standard conditions 
and recorded as mg. Oj/Kg. body weight/Jiour. Eor tJic most part, percentage changes 
in BMR, during and after drug administration, were based on the average pretreatment 
level for each rat. However, in some assa 3 \s it was more convenient to use the day to day 
average of a placebo-injected control group as the basis for calculating the percentage 
changes of treated groups on the same day. Thyroxine and one or more analogues were 
assa 3 md concomitantl 3 ' at two or more dose levels per preparation, using five to twelve 
rats per dose level. A shortage of one active analogue resulted in tests at a single dose 
level. The active analogues were injected subcutaneously, once per da 3 ', for a period of 
five to fourteen days. All compounds suspected of having little or no th 3 Toxine-like 
activity were screened at a single dose level (1 or 2 mg./rat/da3'/3-4 da 3 ^s, subcuta¬ 
neously) in groups of four rats j)cr preparation. These dose levels were five to ten times 
greater than the amount of th 3 ’roxine required to produce a strong response. 

Solvtioris 


In the early phases of this study preparations were dissolved in a minimum volume 
of O.DV NaOH and diluted to required concentrations with physiological saline. Sub- 
sequcntl 3 ‘, several analogues were prepared for injection by dissolving them in ethjd 
alcohol with added 0.1 A'' NaOH (if needed). Saline (adjusted to pH 8-9) was used for 
dilutions, and the final concentration of alcohol was alwa 3 -s 10% or less. A solvent con¬ 
sisting of ethyl alcoliol/prop 3 donc gb’col, 10/90, V/V, was required for a compound 
which w’as extremely labile in the presence of alkali, under certain conditions. Volumes 
of solution sufficient to last up to fourteen da 3 ’s w'crc distributed in stoppered vials and 
maintained frozen between injections. Daih’ doses for each rat were usuall 3 ’' contained 
in a volume of 0.5 cc. to 1.0 cc. In order to minimize contamination of samples in storage 
vials, h 3 'podcrmic needles were never used for drawing doses after the needles had been 
used for injection. 


Computation of Results 

In assays designed witli two or more dose levels, for standard and unknowns, the 
regression equation, Y = a-l-b log. X, was calculated for each preparation (10). The 
several b-values in a completed experiment were replaced b 3 ’ the average slope (b) with 
due regard for inequalities in numbers of observations and/or dose increments (11). The 
potency of each unknowm (U) relative to standard (S) was calculated as the antilog. of 
[av. log. Xs—av. log. Xu-f (av. Yu —av. Y's/av. b)]. In addition, the resulting equations 
were used for the derivation of X-intercept Amlues in each method of assa 3 '. Such values 
for goiter-prevention results w'ere first used b 3 ’^ Dempsey and Astw'ood (12) but their 
usefulness in the anal 3 ^sis of calorigenic assa 3 's appear to have been largely overlooked. 
V'^hen a compound rvas tested at a single dose level, the amount of th 3 WOxine required 
to produce the same response was read from the concomitant standard curve. This 
value, divided by the dose of unknown, gave a relative potency estimate for the prepara¬ 
tion. The validit 3 ^ and precision of these assa 3 '^ methods, under the experimental con¬ 
ditions described here, w'ere presented and discussed in a previous report b 3 ^ Stasilli 
and Kroc (13). Confidence in the results is greatly strengthened by the fact that "stand¬ 
ard” wa’s alwa 3 "s tested concomitanth’^ with each unknowm in homogeneous groups of 
rats. Thus, variations in results which might be ascribed to species, sex, weight or 
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seasonal and environmental differences, etc., (2) were either nullified or greatly di¬ 
minished. 


RESULTS AND DISCUSSION 

Active analogues—relation of structure and activity: 

T 3 "pical calorigenic response curves for tlijToxine, some of its analogues 
and solulile thjToglobulin are shown in Figures 1 and 2. It is apparent tliat 



Fjg. 1. B.MIi response of normal adult male rats during, and after, o-l/j days subcu¬ 
taneous injections of thyroxine analogues (pg./lOO gm. body weight/day): 

-L l>-Thyro.Nine (sodium pentahydrato): 1, alkaline-saline controls; 2, 2 pg.; 3, G pg.; 
4, 16 pg.; 5, 55 pg. 

B. Ij-Triiodothyronine: 1, alkaline-saline controls; 2, 0.3 pg.; 3, 1 pg.; 4. 3 pg.; 5, 

10 pg. 

C. 3,5,3'5'-tctraiodothyroacetie acid (in alcohol-propylene glycol); 1. 50 pg.; 2, 150 
pg.; 3, 450 pg. 

D. 3,5,3'-triiodothyroacctie acid: 1, alkaline-saline controls; 2. 30 pg.: 3. 105 pg. 

E. 3.5,3',5-tetraiodothyropropionic acid: I, 420 pg.; 2, 1270 pg. 

F. 3,5,3'-triiodothyroi)ro])ionic acid; 1, alkaline-saline controls; 2. 30 pg.; 3. 93 pa.; 
4, 300 pg.; 5, 900 pg. 

Last daily injection shown by arrow. 
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Fig. 2. Analysts of areas under BMR curves for thyroxine analogues and soluble hog 
ihyroglobulin: Eiich (‘ur\’c in Figure 1 was plotted on linear grapli paper such tliat 1 
incli on the ordinate scale equaled 10 percentage points of BMR increase and 1 inch on 
the abscissa was equal to 1 da 3 '. The total area under each curve was determined with a 
polar plainnietcr from Daj’ 0 through the Daj' 8, where applicable. (Similar area anal- 
j'ses for Figure IC and IE were made but not shown.) Two or more points, obtained 
in this manner for each jiroparation, were plotted against the respective dose levels. 
Calculations for the best fitting straiglit lines (Y — area versus X=log. dose) were made 
as e.vplained in te.xt. A common slope value was used for each line. 


tJie various preparations affected tlie oxygen consumption of rats in much 
tile same manner. The major differences seen ivere among tlie doses of in- 
diiddual drugs required to produce a given level of response. These dif¬ 
ferences were more accui'ately assessed b,y determining the area-under¬ 
curve at all dose levels of each compound for a given number of treatment 
days. The areas and the logarithms of their corresponding doses were used 
to compute the best fitting straight lines (with common slope) shown in 
Fig. 2. 

The potenc}^ of each unknown, relative to th,yroxine, is listed in Table 1 
where the results b}^ goiter-prei^ention test are also entered for comparison 
of the assay methods. It will be noted that the potenc}^ values are pre¬ 
sented in the order of decreasing activity bj'' goiter-prevention test for all 
active analogues other than thjwoxine. It is apparent that the calorigenic 
activity values are in general agreement with the goiter-prevention ac¬ 
tivity values, as to order. The activit 3 '’ of 3,5,3'-triiodo-Z-tlDwonine was, 
as expected, greater than thjwoxine and all the analogues. The tri- and 
tetraiodothyroacetic acids were antigoitrogenically equal to each other and 
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Table 1. Active thyroxine analogues 


Relative activities 


Goiter 
Pre¬ 
vention eonic 


Calori- 


W1503 


W1575 


WMOn 


\V14S3 


\V1702 


HO<^ ^CH-CHCOOH 

1 


I 

I_ 

ho/ 


NHj 


I 




^CIU' 




_/ 


iCHCOOH 

NH, 


CH^COOH 


no/ \o<^ ^CHiCOOH 

I~ 1 

I I 



CIUCOOH 


L-thyroxine (sodium 
jienlahydrate) 


3,5,3'-triiodo-l-thyronino 


3,5,3'-triiodotliyroacetic 

acid 


3,5,3',5'-tetraiodothyro- 
acetic acid 


3,5,3'-triiodolhyroacetic 
acid, methyl ether 


W1525 II0/^0<^\cHiCH2C00II 
1 


3,5,3'-t riiodot hy ro- 
propionic acid 


I_ I 

WlT-lh II0/^^0<^^^CIL=CHC00II 
Y-/ 


3,5,3',5'-tct raiodot hy ro- 
acrylic acid 


I I_ 

\vir)2i no/^o<^\ciuciucooii 

1 1 


3,5,3',5'-tct raiodot hyro- 
inopionic acid 


No. 37 llo/~/o/ /CIUCHCOOH 

NIL 


wir.on no 


OIL 

> 


>- 


I 

I 


>ClUCII;COOIT 


GIL 


3,.')-diiodo-l-thyronine 


3,ri-diiodo-3',5',-dimethyl- 
thyroproiiionic acid 


\V1G21 Ho/~\o/~\ciUCIUCII.COOH 3,5,j3'-triiodothyrohntyric 

\_/ \_/ ■ ■ ■ acid 

1 


II 

\Vir.2() \o/ Ncil-ClI.CII.COOII 3,5 3',5'-tctraiodothyro- 

\_\_/ ■ ■ Initvnc acid 

1 I 


100 100 


800 800 

51 21 


57 11 


32 11 


28 10 


20 13 


14 


>7 11* 


8 5 


o 


^ ahie reported based on results with single do-e level. 
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about, ]ialf as active as thyroxine. Pitt-Rivers (14) also found these two 
analogues equally potent by goiter-prevention assay. As may be seen, at 
the bottom of Table 1 the tri- and tetraiodothyrobutyric acids were also 
equally potent. These lesults suggest that introduction of the fourth iodine 
at the 5' position does not necessarily result in a reduction of activity in 
homologous scries with deaminated side chains. Calorigenically, 3,5,3'- 
triiodothyroacetic acid appears to be more potent than its tetraiodo 
honiologue. The difference is of borderline significance statistically. How¬ 
ever, Barker (15) observed a similar difference in calorigenic activity for 
the tri- and tet.raiodothyroacetic acids. The importance of the phenolic 
hydi'OX}’! group in the 4' position is reflected in the significant reduction 
of goiter-prevention activity of compound ^¥1702 compared to compound 
W1499. The drop in activity resulted from replacement of the 4' hydroxyl 
group, in 3,5,3'-triiodotlDwoacetic acid, with a methox}" grouir. The effects 
of side chain length on activit}'- are also shown in Table 1. Activity de¬ 
creased uniformall.y as the deaminated side chain length was increased 
from two to four carbons. Thus, the “propionic,” “aeiylic” and “but 3 n'ic” 
acid analogues were each less active than the “acetic” acid analogues. This 
finding appears to conflict with a postulate of Selenkow ef al. (3) which 
suggests decreasing activitj^ with decreasing side chain length. It is true, 
however, that the “benzoic acid” analogues do not possess appreciable 
activity by these assay methods (Table 2) (16, 17). 

The importance of iodine and its structural position with relation to 
activity can be seen bj^ the assa 3 '’ results listed in Tables 1 and 2. It will be 
seen that in the tlDwonine series, 3-monoiodo and 3,3'-diiodo-d/-thyronine 
were inactive (Table 2) but 3-5-diiodo-/-th.yronine had significant activity 
(Table 1). This latter result agrees with Selenkow el al. (3). In the “acetic 
acid” and “propionic acid” series the 3-monoiodo, 3,3'-diiodo and 3,5- 
diiodo preparations were inactive (Table 2). Similaily, 3,5-diiodothyro- 
butju'ic acid was found to be inactive. Therefore, it appears that, in the 
tlD'ronine series, iodines in the 3,5 positions are required for significant bio¬ 
logical activit}^ For preparations with deaminated side chains, iodines in 
positions 3,5,3' or 3,5,3',5' are needed for biological activit 3 ^ However, an 
exception to this latter observation maj'- be seen in Table 1 where 3,5- 
diiodo- 3 ', 5 '-dimeth 3 d-th 3 a’opropionic acid is shown to have significant ac¬ 
tivity. Thus, the inactive 3-5-diiodothyropropionic acid (Table 2) can be 
rendered active by introduction of methjd groups at the 3' and 5' positions 
(W1659, Table 1). 

Active analogues—relation of antigoitrogemc to calorigenic activities 

An interesting feature of Table 1 is the greater goiter-prevention poten¬ 
cies of several analogues compared to their respective calorigenic activities. 
Ratios of goiter-prevention/calorigenic assay values of these analogues 
are: tetraiodothjwoaciylic, 1.5; tetraiodothyropropionic, 2.0; triiodothyro- 




Bemoi'c acid scries 


No. 0 CIl 30 /^ 0 ^_^C 00 ClIi, 

“ r~ 

I_ I_ 

Wl-lSO IIO^ ^O^^COOII 
I I 


3,5-diiodoth\’roformic acid, methyl ether, 
methyl ester 


3,o,3',5'-t.ctraiodothyroformic acid 


No. .1 CIIjO^ ^0^~^C00II 


3,5-dii)itrothyroformic acid, methyl ether 


CIW)^ 


3,.5-diiiifrolhyroformie acid, methyl ether, 
methyl ester 


No. it CHsO^" 'yCOOClh 


3,5-diamiiiofliyroformic acid, meth\i ether, 
methyl ester 


NIT- Nllj 

Cll.0 ' Vjooch, 


3,5,3’-triaminothyroformic acid, methyl 
ether, methyl e'tcr 
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Tatjuh 2. (fionlmucd) 

Acelic acid series 


Volume GJf 


W1G91 

W170I Ilof ScihCOOII 


3-iodothyroacctic acid 


3,3'-diiodoUiyroacctic acid 


W1502 


11 ( )^^cihC( nm 


3,5-diiodolhyroacaUc acid 


WHiSO CII,()^^^()<^^CIEC()()1I 

wiG'jo no/ /ciEcooir 


3,5-diiodotlij-roaccfic acid, mcth 3 ’l ether 


3,3',5'-triiodotlijToacctic acid 


No. 10 cn,o/ So^ /ciiscooir 

/= 

NO. 


No. 2 


NO. NO. 

CH,,o/ /o^ SGII.COOC.n.. 


3,5-dii)itrofln-roacctic acid, methyl ether 


3,5,3'-tniiilyolhyro!}eetic acid, inelli.vl 
oilier, etliyl ester 


No. 15 cif.,o<^^o/ ^cir.cooii 

SU- 


3,5-dianiiiioth.vroacefic acid, nieth.vl ether 


But uric acid series 


WKilS 


^ coon 


3,5-diiodofh.yroi)iitvric acid 


Propionic acid scries 

_ I_ 

WlOOS HO^ ^ClhClhCOOlI S-iodoth.v/’opropioiiic acid 

_ I_ 

No. 22 CHso/ /o/ ^CH.CH.COOn S-iodolh.i-roprojM'onie acid, niotJnd etJicr 


W1607 ho/ /o/ /CH 2 CH.COOH 3,5-diiodothy ropropionic acid 


ho/ /o/ /CH.CH.COOH 


W1G22 


3,3'-diiodothjoopropionic acid 
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W1628 


Table 2. {Conlimied) 


l_ I 

3,3'.5'-triiodothyropropionic acid 


No. 20 


NH, 

HO:^^^O^^^CH5CH;COOH 

NHo 
_ \ 

\V1704 CH3 O/ \o/^CH:CH 2 


COOC2H, 


NHo 

I 


No. 51 CH3O/ So/ ^CHjCH^COOH 


3-aininothyropropionic acid 


3-aminothyropropionic acid, metliyl ether, 
ethjd ester 


3-aniinotliyropropionic acid, iuetli\ 1 ether 


No. 17 


— - / 
CH,o/ ^CH,CH 


COOCjHi 

COOCiH. 


3,5-diiodothyromcthylmalotuc acid, method 
ether, dieth}'l ester 


No. 8 


NO. 


CHjO^ ^O^^CH=C^ 


NO 2 


COOC-Hs 

CO()C:IL 


3,5-dinilrothyroinethylenemalonic acid, 
methyl other, diethyl c.«tcr 


NHj 


COOCiHs 


No. 10 


CHjO^ ^0^ ^CHsCH 


NHj 


COOC-.H5 


3,5-diaminothyroniethylmah)nic acid, 
methyl ether, diethyl ether 


NO; 


No. 21 ciw/ So/ 'HcH=('HC'O0H 


3-nitrothyroarrylic acid, methyl ether 


NO 2 


No. 24 ClUO^ ^0/ '^CH=CIIC00C3H. 


3-iiitroth> roacrylic acid, methyl ether, 
ethyl ester 


acetic, 2.4; triioclothyropropionic, 2.S; methyl ether of triiodotliyroacctic. 
2.9; and tetraiodothyroacetic, 5.0. Witli due regard for the error of e.-timate 
in each assay method, it can be stated that ratios of 2.5 or greater may Ite 
considered statistically significant at p = 0.95. It is interesting that the.se 
same preparations were the ones found to be most active by the tadpole 
metamorphosis assay, by Aloney ci al. (G, 7). Such high ratios may repre¬ 
sent a real dichotomy of actions, for example with re.spect to suppression of 
pituitary TSH output versus stimulation of oxygen consumption, within a 
given species (rats), as well as between species (rats versus tadjKjlcs). 
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Another possible cause of higli ratios may relate to the differential calori- 
genic activiities of several analogues in normal versus thiouracilized rats. 
This latter point will be the subject of a subsequent paper (18). 

Active analogues—decomposition associated loilh method of sohdion 

The results of repeated as.s'a 3 's with 3,5,3',5'-tetraiodothyroacetic acid 
arc sJiown in Table 3. This cIo.se examination was made to verif}' tlie pre- 
viousl 3 ' mentioned high goiter-prevention/calorigenic activit 3 ^ ratio of 5.0 
and also to account for a peculiar behavior of this analogue under certain 
conditions of solution. In the first four assays (Talfie 3) the compound was 
dissolved in alkali and diluted with ph 3 '.siological saline. The resulting 
potencies of 56% and 69% b 3 ’’ goiter-preAmntion test were observed with 
groups of five to eight rats each, at several dose levels. Calorigenicall 3 ^, the 
.same composite lot assa 3 ’ed 6 % in one group of four rats at a single dose 
level, and 11% with groups of eight rats at three dose levels. The high ratio 
between activities b 3 ’’ tlie diffei'cnt assa 3 ' methods was thus firml 3 '- estab¬ 
lished. After t.hese results were obtained the method of solution was modi¬ 
fied by using alcohol as a primaiy solvent, followed 63 ' alklali and ph 3 "sio- 
logical saline as a diluejit. ]Man 3 ' of the inacti\'e analogues (Table 2) under 
test at that time A^’ei-e more easil 3 ’’ solubilized In^ this procedure. Solutions 
of a ncAv lot of tetraiodothyroacetic acid (lot 6 , assays 56 and 56A, Table 3) 
were prepared for tests using these modifications. The compound was par- 


TABtiE 3. Effects of .method of solution on biolooic activity of 
3,6,3',5'-TnTKAIOnOTHYROACETIC ACID. (W1483, acetic) 


Assay No. 

Lot No. 

Per cent of 
thyro.N, activit.v 

Method of solution 

Goiter- 

prevention 

Calorigenic 

36A 

Composite (2, 3, 4) 

5G 

— 

Alkaline-saline' 

40 A 

Composite (2, 3, 4) 

— 

G* 

Alkaline-saline' 

43 

Composite (2, 3, 4) 

69 

— 

Alkaline-saline' 

49 A 

Composite (2, 3, 4) 

— 

11 

Alkaline-saline' 

50; 56A 

0 

— 

<lt 

Alcohol-alkaline-sal.- 

' 51 

2 

50 


Alcohol-alkaline-sal.- 

51 

3 

54 

— 

Alcohol-alkalinc-sal." 

51 

4 

52 

— 

Alcohol-alkalinc-sal.- 

51 

6 

47 

— 

AJcohol-alkaline-sal.' 

62A 

0 

— 

11 

Alcohol-prop, glypol." 

53 

G 

58 

- - 

Alcohol-prop, glycol." 

53 

6 

69 

— 

Alcohol-alkalinc-sal. 

53 

6 

<lf 

— 

Alcohol-alkaline-sal. 

Average (omitting* and t): 

57 

11 


Range of mean (P =0.95): 

50-64 




* Preliminarj’^ test: four rats: single dosage level. 

t Solutions developed color reaction. _ . , • , 

^ Preps, dissolved in minimal alkali (N/10 NaOH) and diluted with ph 3 "sioIogic<aI saline. 
-Preps, dissolved in absolute ethjd alcohol (plus minimal volume of N/10 NaOH, n 
needed) and diluted ivith saline adjusted to pH 8-9. Alcohol not greater than 10%, oj 
volume, in final solution. i f 

= Preps, dissolved in absolute ethyl alcohol and diluted with propylene glycol, such tnai 
final solution was 10% and 90%, respectively, by volume. 
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tiallj" dissolved alcohol. The addition of a small volume of N/10 NaOH 
gave a clear amber-colored solution. When saline adjusted to pH 8-9 was 
added as diluent, the color of the resulting solution immediate!}" changed 
to dark green. Within two minutes the color gradually returned to a clear 
yellow. During the course of five days of administration of this solution in 
a group of eight rats, no significant elevation of BAIR was obtained al¬ 
though, in the concentration employed, the drug was expected to produce 
a strong response. Thus, the activity, if any, was recorded as less than 1%, 
as shown in Table 3. 

The possibilit}" that lot 6 might be chemicall}' different from the com¬ 
posite of lots 2, 3 and 4 (Tal)le 3, first four assays) was considered in spite 
of the fact that paper partition chromatography indicated that the various 
lots were quite similar. A new solution of lot 6, in a concentration three 
times greater than previously employed, was prepared using the alcohol- 
alkali-saline system as laefore. The same color changes were observed, and 
assay confirmed the essential lack of calorigenic activit}' (Table 3, No. 
56A). Lots 2, 3, 4 and 6 were then assa 3 'ed separate!}" for goiter-prevention 
activity. Solutions, at the much lower concentrations needed in this test 
method, were prepared with the alcohol-alkali-saline system. No color 
changes were observed and, as shown by assay No. 51, Talkie 3, the four 
lots had the expected activities. The differences in activities between lots 
were therefore not significant, thus corroborating ol^servations made by 
means of chromatographic analysis. 

At this point, it was apparent that we were dealing with a preparation 
for which a valid assay of biological activity depended on a set of specific 
conditions including the drug/alkali ratio. In order to test this hypotliesis, 
lot 6 was again assayed, by both methods, under three different conditions 
of solution. For calorigenic assay No. 62A, Table 3, 675.0 mg. of lot 6 were 
dissolved in 15 cc. absolute ethyl alcohol and diluted to 150 cc. with propyl¬ 
ene glycol. Since no alkali was present no color change was ol^scrvcd. 
Doses of 50 //g., 150 ytg. and 450 jug./0.25 cc./lOO gm. body weight were 
administered subcutaneously daily, for seven days, using eight rats per 
dose level. When the areas under the resulting BAIR increment curves wore 
used to construct a dose-response curve and this was compared to tlie curve 
for the thyroxine standard, the calculated relative activity of lot 6 vas 
11%. This confirmed earlier assays (Nos. 46A and 49A, Table 3) of alkaline 
solutions of identical drug concentrations, which did not give color reac¬ 
tions. For goiter-prevention assay No. 53, Table 3, lot 6 was prepared in 
three ways. Twelve milligrams were dissolved in 50 cc. of alcohol and a 
25 cc. aliquot thereof was diluted to 250 cc. with propylene glycol to com¬ 
plete the first solution. A second solution was prepared by addition of 
2.5 cc. N/10 NaOH to the remaining 25 cc. of the alcoholic solution fol¬ 
lowed lyv dilution to 250 cc. with saline which had been proviou.'!}’ ad¬ 
justed to pH 8-9. No color change was anticipated and none was observed. 
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Fig. 3. lillccl of method of solutio7i on goiter-prevention aeliviUj of S,5,S',S'-tclraiodo- 
th grooectic acid: 

A. AlkaliiK'-ssiIinc' solution, j)!! above 11 (no coJor reaction). 

B. Alcoliol-proi).v]ene glycol solution (no alkali, no color reaction). 

G. Alkaline-saline solution, pH substantially below 11 (color reaction rlcvelopecl). 

The same lot, No. G, was used to j)roi)are each solution. Sec te.\t for explanation of 
concentrations and color reactions. 

The third solution, in which a color reaction was deliberately allowed 
to develop, was prepared b}'’ dissolving 180 mg. of lot 6 in 4.5 cc. alcohol 
and 3.6 cc. N/10 NaOH. Upon addition of IS cc. of saline (pH 8-9) the 
expected color changes from amber to dark green and back to 3 "ellow 
were observed. No further change was obtained with addition of more 
alkali (3.3 cc.) and saline (15.6 cc.). Each of the three solutions was then 
assayed for goiter-prevention activity, at four or more dose levels, in groups 
of five to eight rats per dose level. The observed relative potencies are 
shown in Table 3, assay No. 53 and the dose-response curves Avere plotted 
in Figure 3. Curves A and B in Figure 3, representing solutions with and 
without alkali, respectively (each without color reaction) Avere not signifi¬ 
cantly different statistieall 3 \ The i-elatiA^e potency estimates wei'e 69% for 
the alkaline solution and 58% for the alcohol-propylene glycol solution as 
shoAvn in Table 3. These results Avere in excellent agreement AAith all preAUous 
goiter-prevention assays of the various lots of tetraiodothyroacetic acid. 
On the other hand, CuiA^e C, Figure 3, clearly demonstrates the expected 
loss of activity in a solution Avhich gave the color changes. Bioassay calcu- 
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lations showed that more than 99% of the activitj^ of this latter solution 
had been destroyed. Tliis finding was substantiated the fact that none 
of the original tetraiodotlyuoacetic acid in this solution could be detected 
b}" paper partition chromatograph 3 ^ Whether the minute residual acti^dt.y 
(<1%) was due to traces of intact tetraiodothyroacetic acid, which might 
escape chromatographic analysis, or to biologically active decomposition 
products remains to be determined. 

A more detailed stud^^ of the decomposition of tetraiodotlyuoacetic acid 
revealed that the speed of degradation depended on a number of variables. 
Among these were drug concentration, temperature, pH and trace impuri¬ 
ties in the various lots of material (Table 3). Decomposition was effective- 
13" inhibited b 3 " the addition of h 3 "droquinone or th 3 "roxine and/or b}" lower¬ 
ing the temperature. It was not inhibited when an atmosphere of nitrogen 
and a solvent free of dissoh^ed oxj'-gen were used. Solutions made up at 
pH 11-12 and quickl 3 " frozen did not show significant decomposition. 
However, when the initial pH was approximate!}" 9-10, a rapid degrada¬ 
tion ensued, at room temperature, and the characteristic color change was 
obtained. Variations in pH produced concomitant variations in the speed 
of decomposition. Thus it was possible to obtain slow but significant de¬ 
struction loithout noticeable color changes. Paper partition chromato¬ 
graphic anal 3 "sis of such solutions revealed that the original drug had been 
replaced b}" several decomposition products including ionic iodide. Obser¬ 
vations with other analogues indicated that N-acet 3 "lth}TOxine and 3,5,3',5'- 
tetraiodoth 3 "ropropionic acid were similarl}" labile. On the other hand, tri¬ 
iodothyronine, th 3 "roxine, triiodothyroacetic acid and triiodothyropropi- 
onic acid were stable under these conditions. A search of the older litera¬ 
ture revealed that in the course of work on the structure of tlyvroxine, 
Kendall and Osterbezg (19) also noted evidence of decomposition. They 
found that N-acet 3 ’lth 3 "roxine, unlike th}'roxine itself, was unstable as its 
sodium salt either in solution or in the solid state. 

A review of the materials and methods section of maiyv pulzlished im¬ 
ports revealed that bioassa3'S of pai-enterall 3 '-administered thyro.xine ana¬ 
logues, in animals and humans, have usuall}' been conducted with the use 
of alkaline solutions (2, 3 and this report). In at least one instance (5) 
3,5,3',5'-felraiodoth3Toacetic acid, in alkaline solution, was autoclaved 
pi-ior to injection. In view of the labile nature of certain analogues, under 
these conditions, it is suggested that the reported biological actions, or lack 
of action, attributed to these analogues ma}' l)e in error. Paper partition 
chromatographic anal 3 'sis of test solutions at the beginning and end of in¬ 
jection periods would appear to be a A’aluable adjunct to the bioassa}' 
procedures. For preparations such as 3 , 5 , 3 ', 5 '-tetraiodoth 3 Toacetic acid, 
the use of solutions containing no alkali would increase eonfidence in the 
results of bioassa}'s. 
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Evaluation of the decomposition problem 

Evidence for the decomposition of one lot of tetraiodothyroacetic acid, in 
the presence of alkali, appeared late in the sequence of experiments re- 
poi ted heie. Since most of the compounds had been dissolved in this man¬ 
ner, it became necessaiy to determine whether the other analogues, active 
as well as inactive, had undergone degradation. Accordingly, samples of all 
of the iodine-containing compounds were again dissolved in alcohol-alka¬ 
line saline and studied cln-omatographicall}^^’ before and after four or five 
da 3 ''s storage in the frozen state. The pH of the freshl}’’ prepared solutions 
ranged from 7.8-9.S. 

As expected, tetraiodothyroacetic acid (W14S3, lot 6) and tetraiodo- 
th^u'opropionic acid (W1524) showed marked decomposition. In addition, 
tetraiodothyroacrylic acid (W1745), tetraiodothyrobutyric acid (W1620) 
and 3,5,3'-triiodothyrobutyric acid (W1621), each biologically active as 
shown in Table 1, may have undergone some changes. Similarl}'^, the bio¬ 
logically inactive 3,5-diiodoth3n-oacetic acid, metliyl ether (WIGSO, Table 
2) showed some evidence of decomposition. The remaining 22 analogues 
appeared to be stable in this chromatographic stud}’- both initially and 
after storage. 

Since no decomposition had been obsei’ved in alcohol/propylene glycol 
solution, it was of interest to determine the activities of labile compounds 
in the absence of alkali. Comparative assa 3 ''s of W14S3 (Table 3, Fig. 3) 
indicated that this compound was not more active in alcohol/propylene 
glycol than it was in alkaline solution when decomposition was effectively 
inhibited with excess alkali. Similarl}’-, inactive W16S0 (Table 2) was again 
found inactive when dissolved in alcohol/propylene gl 3 ’-col. Higher relative 
potencies for W1524, W1745, W1620 and W1621 (Table 1) might result if 
these analogues were assayed in the absence of alkali. If the degree of de¬ 
composition for a giAmn compound is not greater than 15%, the obserA^ecl 
potencies (Table 1), would not change appreciabl}'- because the inherent 
error of the goiter-prevention assa 3 ^is ±15% at the 95% confidence limits. 

The in vitro studies of Freinkel, Ingbar and Dowling (37) indicated that 
adsorption of thyroxine on glass surfaces might have influenced the out¬ 
come of their work Avith th 3 a-oxine-binding protein and thyroxine uptake 
by tissue. They used physiological levels of th 3 n-oxine (about 0.05 ng- to 
0.1 jug./ml.) so that even slight adsorption might represent a significant 
proportion of the total thyroxine present. PreA'-iously, the same autliors 
(38) had calculated that 40% of a 200 /xg.% saline solution of thyroxine 
was adsorbed to glassware and that the percentage adsorbed decreased 
AAdth increasing concentrations. 


” Circular paper partition chromatograp^iy, using tVhatman No. 1 paper, was car¬ 
ried out on the samples. The solvent einplo3'ccl Avas t-amjd alcohol saturated with ON 
ammonia. 
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Adsorption varies with different compounds. The lowest concentrations 
of compounds used in our experiments were generally greater than 200 
Hg.%. Bearing in mind the ±15% accuracy of the goiter-prevention lest, 
adsorption of some of the compounds may liave occurred, particularly at 
lower concentrations. Lack of significant adsorption may be postulated, 
since solutions of the same compound (thyroxine, Table 4) at different con¬ 
centrations gave essentially the same results. However, preferred proce¬ 
dure would attempt to control the uncertainties and varialffes of adsorption 
bj' equilibrating glassware with preliminaiy solutions of all compounds. 

Active analogues—speed of calorigenesis 

The speed of reaction of thyroxine analogues on oxygen consumption, 
in vivo and in vitro, has been the subject of conflicting reports. In humans. 


Table 4. Comparison of “endpoint” dosage in two bioassay pkocedures 




Goiter-prevention' 

Calori 

genic' 



No. 


No. 




of 

Dose- 

of 

Dose’ 



assays 


assays 


W15G3 

L-thyroxine sodium pontahydr.ite 

12 

3.3 

3 

2.3 

W1S75 

3,5,3'-triiodo-l-thyronine 

2 

0.5 

2 

0.2.5 

WH99 

3,5,3'-triiodothvroacetic acid 

2 

7,5 

2 

10.7 

tVl483 

3,5,3',5'-tetraiodothyroacetie acid 

s 

5.G 

3 

21.4 

W1525 

3,5,3'-triiodothyropropionic acid 

3 

/ . / 

1 

■BMiH 

W1524 

3,5,3',5'-teti'aiodoth3'ropropionic acid 

1 

22.5 

1 



' Doso-response curves calculated with 5-12 rats/dosago level and minimum of two dosage 
levels per prep. 

‘ X-intercept; minimum fig. prep./lOO gm. bodj’ wt./day required to maintain “normal” 
(G.O mg./lOO gm. B. wt.) thyroid gland weight in 200 gm. Female rats maintained on diet 
containing 0.3% thiouracil. 

’ X-intercept; maximum fig. prep./lOO gm. B. wt./day which will not increase the oxygen 
consumption of 300 gm. normal male rats. 

Blackburn et al. (20) found that /-triiodothyronine produced a peak re¬ 
sponse of BMR in 24 to 4S hours versus 7 to 10 days for /-thyroxine, while 
Rail cl al. (21) observed no qualitative differences in metabolic changes in¬ 
duced bj' thyroxine, triiodothyronine and tri- and tetraiodothyroacetic 
acid. The latter two analogues were reported to cause an immediate rise in 
oxygen consumption, in vitro, by Thibault and Pitt-Rivers (22). However, 
Barker and Lewis (23) observed no immediate metabolic increments for 
the.se two preparations either in vitro or in vivo. Parts of the curves in I'ig- 
uve 1 were used to construct Figure 4 in order to show, more clearly, the 
comparative BMR responses obtained twent 3 '-four hours after the initial 
dose of several analogues and a soluble hog thyroglobulin preparation. If 
is apparent that the responses were roughly proportional to the do.<e and 
(hat each material was capable of producing significant BAIR elevation a.< 
carlv as twenty-four hours after injection (Fig. 4, solid bars). Returning to 
Figure 1, it will be noted that after the final injection (indicated by arrow) 
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I INITIAL DOSE 
response' 


REPEAT TEST 
RESPONSE 


AV. % 


B.M.R. 


CHANGE 


24 hrs. 



L-Ts 


I 




AFTER 


DOSE 




SOLUBLE 
THYROGLOB. 3 



MQ/tOQ gm, BODY Wt.: SUBCU. NORMAL ADULT MALE RATS 


Fig. 4. Rise in Bj\fR, from normal base line, brs. after injection of thyroxine ana¬ 
logues and soluble Ihyroglobulin: 

Solid bars indicate responses on Da}' 1 shown in Figures 1 and 2. 

Symbols at upper left of each series of bars identify compounds for reference to 
Figures 1 and 2. 

Numbers over bars identify sjiecific curves in Figure 1. 

Numbers under bars identify the closes. 

Cross hatched bars show the 24 hr. resjionses obtained in repeat tests after various 
groups in Figure 1 were allowed to return to their normal levels. 


the rate of return to pre-treatment base lines was rapid and similar for all 
preparations. When the rats returned to or near their normal base line 
they were re-injected with doses equal to or greater than those emploj'eci 
originally and the twent3^-four hour response Avas observed again as shoAvn 
))y the cross-hatched bars in Figure 4. These results indicate that com¬ 
parable doses produced responses equiA^alent to those observed initially 
and that increased dosage resulted in greater responses for each prepara¬ 
tion. Therefore, on the basis of BMR increments, determined tAventy-four 
hours after dosing, no qualitative differences in response were observed 
Avith anj'' of the materials in rats. HoAA'eAcer, it is possible that obserA'’ations 
made earlier than tAA'enty-four hours (e.g., 6 to 12 hours after injection) 
might uncoAcer such differences since significant BMR increases haA'e been 
noted in intact rats (24) as early as tAA'ehm hours after injection of soluble 
thyroglobulin. 

The potency of soluble th 3 'TOglobulin (Figs. 2 and 4) AA'as onl 3 '’ 0.8% of 
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that of thyroxine when the doses shown were used for calculation. How¬ 
ever, this natural hormone contained less than 1% total thju’oidal iodine 
and the biologically active thj’^ronine-bound iodine, as determined by the 
method of Blau (25), represented less than one-third of the total iodine. 
This observation, previously reported b 3 ^ Kroe et al. (26), supported 
earlier results obtained hy Roche and Michel (27) with thju-oid glands of 
several mammalian species. The thju-oxine standard used in this stud^' 
contained about 55% total iodine and virtuallj' all of this was biologicallv 
active. Thus, when the potencj" was calculated on the Ijasis of tlij-ronine- 
bound iodine contents, the activitj'^ of soluble hog thyroglobulin was 225% 
of that of thyroxine. Calculations indicate that a minimum of 20 to 25% of 
the thju'onine-lDOund iodine in the thju'oglobulin would ha^'e to l)e present 
in the form of 3,5,3'-triiodothj'ronine in order to account for the signifi¬ 
cant excess of biological activitJ^ 

Adive arioJognes—anligoilrogenic and calorigcnic rnainienance }evc]s 

Several j^ears ago, Dempse}' and Astwood (12) showed that the main¬ 
tenance level of thyroxine in rats (or the amount of thyroxine equivalent to 
the endogenous daily production of normal thyroids), under various en¬ 
vironmental conditions, could be accurately assessed by the goiter-preven¬ 
tion method of assay. These results were obtained by noting the point at 
which a particular dose-response curve intersected a horizontal projection 
at. the level of normal control thjuoid weight on the ordinate. Alternative¬ 
ly, the point could be calculated precisely by substituting the normal con¬ 
trol weight for Y and solving for X in the regression equation for the dose- 
response curve. The results thus obtained for thyroxine have I)een con¬ 
firmed many times during the ensuing j-ears and the procedure has 
achieved universal acceptance as a waj' of determining the activities of 
thj’roidallj' active materials. More recentlj' the precision of a relative po- 
tenej" estimate bj' this assaj' method was observed to be of the order of 
±15% at the 95% confidence level (13). 

The technical difficulties involved in BMR measurements in rats has 
generally precluded the usefulness of this assay method for determining 
maintenance or thre-shold levels of thyroidal preparations. Such difficul¬ 
ties may account for the wide difTcrence (about 100-fold) in the thresholds 
of thyroxine-response for the pituitarv-th.vroid axis versus oxygen con¬ 
sumption, observed bj' Kenned}' and Griesbach (28). Under optimal test 
conditions the calorigenic assay can yield values, in terms of absolute 
units, which agree with similar values derived antigoitrogcnically. This has 
been demonstrated by Dempsey and Astwood (12) and Reineke rt ah 
(29). Several of the goiter-prevention and calorigenic X-intercept values 
(bioassay “endpoints”) obtained in our studies are shown in Table -t. It 
will be seen that results obtained by the two assay methods are in good 
agreement for compounds W1563, W1575, Wldhfi and Wl52-t when due 
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allowance is made for a ± 15% goiter-prevention assay error and a -33% 
to +50% error for the calorigenic assay. It is interesting that the latter 
assay gave lower results foi- thyroxine and triiodothyronine. The ditfer- 
ences observed for preparations W1483 and W1525 (fable 4) were signifi¬ 
cant and appear to repi’esent a real dichotomy of action with respect to the 
two parameters of function (pitiiitaiy-th.yroid axis versus total metabo¬ 
lism). Tiiese results agree with those described in a previous section of this 
I’eport. 


Inaclivc analogncs — anfigoilroffem'c and calorigenic tests 

Thirt.y-t.ln-ee of the foi'tj^-five thyroxine analogues covered by this report 
were observed to have less than 3% of thyroxine-like activity, if any, as 
shown in Table 2. On scanning this list it will be noted that all 3- monoiodo 
and 3,5-diiodo compounds, which have no substituents in the 3' and/or 6' 
positions, were inactive. 3,5-diiodo-f-thyronine (Table 1) was the only ex¬ 
ception to this rule. Substitution with nitro or amino groups at positions 
3; 3,5; or 3,5,3' gave inactive compounds. Similarly, 3,5,3',5'-tetrachloro- 
f//-thyronine was found inactive. Several analogues (Table 2) having a 
4'--methoxy group instead of a 4'-hydroxyl group were also tested and all 
wore without detectalde activity. This was anticipated in view of the sig¬ 
nificant reduction in goiter-prevention activity obtained with the 4'- 
mothyl ether corresponding to 3,5,3'-triiodothyroacetic acid (Table 1). 

Of particular interest in Table 2 was the fact that all 3,3'-diiodo and 
3,3',5'-triiodo analogues were singularly devoid of biological activity by 
either test. This obsein^ation was of special importance with regard to prep¬ 
arations W1641 (3,3'-diiodo-d/-th3u-onine) and WlGdG (3,3',5'-triiodo-41- 
thyronine) since Koche, et at. (30) found the levo-isomers of these com¬ 
pounds to be 85% and 10%, respectivelj", as active as Z-tlDUoxine by goiter- 
prevention test. In another paper Roche and Michel (31) reported 85%o 
and 5%, respective^", for the d/-isomers of 3,3'-diiodo and 3,3',5'-triiodo¬ 
thyronine versus (f/-th.yroxine bj" the same nrethod of assaj". Pitt-Rivers 
(32) found no antigoitrogenic activity with a sample of our 3,3'-diiodo-cfi- 
thyronine. Similarly, Gemmill (33) observed no oral activity, calorigeii- 
ically, with his owzi 3,3'-preparation. Recentty, however, Michel (34) found 
that a sample of our 3,3'-preparation AA^as of equal activity to his oaa^ii 3,3'- 
compound by tadpole metamorphosis test, and in his goiter-prevention 
assay he found 30% to 40% actiAuty, A^ersus dZ-thyroxine, for our material. 

Michel (34) pointed out the possibility that findings of "no” biological 
actiAuty for 3,3'-diiodothyronine could be due to the unusuallj" rapid ac¬ 
tion, degradation and excretion of this analogue. Indeed, Stanbury and 
Morris (35) have recently demonstrated extremely high degradation and 
excretion rates for this preparation in man. Originallj", our olAservations 
AAuth this material Avere based on dosage schedules Avhich inAmlved one sub¬ 
cutaneous injection per rat per daju In vieAV of the possibility that the lack 
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of activity observed was due to rapid excretion and/or lability of the 
compound in alkaline solution, a new goiter-prevention assay was run. 
The 3,3'-diiodo-dZ-thyronine was dissolved in alcohol/propylene glycol, 
10/90, V/V and injected subcutaneously, three times per daj’" per rat, at 
4-hour intervals, for fourteen consecutive days. Groups of 5 to 8 rats were 
employed at each of six dose levels. The total dose per rat per daj^ ranged 
from 30 Mg- to 300 gg- At the completion of this assa}^ it was noted that 
3,3'-diiodo-dZ-thyronine was inactive. Even the highest dose (300 Mg-/rat 
/day, equally divided into three injections per day) was unable to produce 
any sign of reduction in the thiouracil-induced goiters. 

The discrepancy between the observations of Roche et al. (30), Roche 
and Michel (31), and Michel (34) versus those of Pitt-Rivers (32), Gem- 
mill (33) and this report for 3,3'-diiodo-di-thyronine (Table 2) suggests a 
possible inherent difference in assay methods which allows some investi¬ 
gators to find activity (30, 31, 34) while others find none (32, 33 and this 
report). If this were true one would expect to find similar discrepancies, 
between the various investigators, for other analogues. However, this does 
not appear to be the case. A more likely explanation for the discrepancy 
involves the possibility that the 3,3'-diiodo-thyronine used by Roche et al. 
(30, 31) was contaminated with 3,5,3'-triiodothyronine. Their method of 
synthesis for the 3,3'-diiodo compound (30) involved the deiodination of 
3,5-diiodothyronine to yield 3-monoiodothyronine which was in turn iodi- 
nated to jdeld 3,3'-diiodothyronine. It appears conceivable that some non- 
deiodinated 3,5-diiodothyronine was present, as a contaminant, during the 
iodination of the 3-monoiodothyronine, so that not only the desired 3,3'- 
diiodothyronine but also some 3,5,3'-triiodothyronine would be produced. 
Since /-triiodothyronine is about eight times as active as /-thyroxine (Table 
1) it could account for virtually all of the activity reported for 3,3'-diiodo- 
c/Z-thyronine by Roche el al. (30) assuming it were present as a contami¬ 
nant to the extent of 10% by weight as the /-isomer. The method of syn¬ 
thesis employed in this laboratory b 3 " Meltzer and Stanaback (36), for the 
preparation of 3,3'-diiodothjwonine, precludes the possibility of contami¬ 
nation with 3,5,3'-triiodothjTonine. This was accomplished in an inter¬ 
mediate step, bj’ replacing the amino group in Q;-benzamido-3-amino-4- 
(4'-methoxyphenoxy)-cinnamic acid with iodine to yield a 3-monoiodo 
compound free of anj' 3,5-diiodo contaminant. Direct iodination of the 
3-monoiodo compound cannot then introduce an iodine substituent in the 
5 position. 
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BEHAVIOR OF IODIDE IN ACID SOLUTIONS 
OF HEMOGLOBIN! 


I. N. ROSENBERG 

Fifth and Sixth {Boston University) Medical Services, Boston City 
Hospital, and Department of Medicine, Boston University 
School of Medicine, Boston, Massachusetts 

ABSTEACT 

Acidification of aqueous solutions of oxyhemoglobin containing I"‘-labcllcd 
inorganic iodide resulted in prompt binding of iodine to the protein, so that an 
appreciable fraction and quantity no longer behaved as inorganic iodide, as 
judged by solubility in trichloroacetic acid, dialysis and adsorption by anion- 
exchange resins. Binding was greatly decreased in the presence of reducing 
agents (thiosulfate, thiourea, ferrocjmnide, ascorbic acid) and of certain h: li '.e^ 
(thiocyanate and to a lesser degree bromide), but the addition of those sub¬ 
stances after binding had occurred failed to release iodide. Most of the bound 
iodine was released after brief exposure to strong alkali at room temperature. 
Alcthemoglobin, reduced hemoglobin, carboxyhcmoglobin and hematin were 
much less effective in the binding reaction than oxyhemoglobin. Bound iodine 
was found in both the globin and the hemin fractions separated by the acid- 
acetone method. Consideration of iocline/hemin and iodine/iron ratios led to 
the conclusion that the iodine in the globin fraction could not be accounted for 
as ferriheme iodide retained in the globin. The use of trichloroacetic acid as a 
protein precipitant in solutions containing inorganic I‘^‘ could result in spu¬ 
riously high values for PBI'^' if oxyhemoglobin were present. 

Although the nature of the iodine protein combination is not clear, the find¬ 
ings suggest that the binding is a consequence of an oxidative change resulting 
from the acidification of oxyhemoglobin. 

I N USING the trichloroacetic acid procedure for the determination of 
conversion ratios (PBP^'/total I'^') in a series of arterial blood serum 
samples obtained one to three hours after the administration of 1'^' to 
human subjects, erratic results were occasionally encountered, the values 
in some samples being appreciably higher than had been expected and than 
were found in most of the samples in the .series. It was noted that the high 
values were obtained in sera in which hemolj’sis had occurred, and it was 
found that if a crystal of sodium thiosulfate was added to such hemolyzed 
samples before precipitation with trichloroacetic acid, the conversion ratios 
were comparable to those of non-hemolyzed samples in the series. It ap¬ 
peared likely that the presence of hemoglobin Avas responsiijle for these 
curious effects and a study was made of some of the properties of solutions 
containing both hemoglobin and iodide. 

METHODS 

Hemoglobin solutions were prepared from human red blood cells obtained from out¬ 
dated bank blood. After removal of the pl.asma by centrifugation, the cells were washed 

' Presented at the 19oS Meeting of the .-tmerican Goiter .\ssociation. 
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repeatedly witli 0.9% sodium chloride solution and were hemolyzed by being shaken 
with 1 volume of water and 0.4 volumes of toluene (1). The clear hemoglobin llyer was 
filtered through cotton, the filtrate was dia^’-zed against several changes of distilled water 
for several days at 4° C, and the resulting hemoglobin solutions were used for the e.v- 
periments. Solutions containing appro.ximatcly 50% methemoglobin were prepared by 
permitting oxyhemoglobin solutions at pH 5.1 (HCl) to undergo auto-oxidation for 24 
hours at room temperature ( 2 ). Methemoglobin solutions were also prepared b.y adding 
a slight c.xcess of potassium fcrricyanide to hemoglobin solutions and then dialyzing e.x- 
haustivel}^ in tap water and then distilled water. Heinin was prepared from aqueous 
hemoglobin solutions by the method of Drabkin and Austin ( 3 ), and recrystallizcd 
from pyridine-chloroform (4). 

The acid-acetone procedure of Anson and Mirsky (5) was used to separate hematin 
from globin. Oxyhemoglobin solutions made .05 to 0.1 N in HCl were passed through 
an anion-exchange resin column and 10 to 15 volumes of acetone containing 1 % IN HCl 
were added to the effluent to precipitate the globin and dissolve the hemin. Precipitation 
was carried out in large centrifuge tubes, the supernatant solution was removed by aspi¬ 
ration, and the precipitate washed twice with acetone-HCl and twice with acetone be¬ 
fore being dissolved in HjO to appropriate volume and used for further study. Hemin 
was precipitated from the chilled acetone supernatant solutions b,v addition of 1/100 
volume of 2N sodium acetate, the precipitate being collected by centrifugation and 
washed several times with dilute acetic acid. Recovery of hemin was not quantitative. 

Radioactivit}' measurements were made with a well-type scintillation counter, ap¬ 
propriate corrections being applied for variation in sample volume. Tlie radioactive 
iodine used was carrier-free Na in isotonic saline, containing benz 3 dalcohol (0.9%), 
obtained as sterile solution Sodium Radio-Iodide Therapeutic from Abbott Labo¬ 
ratories. This material was greatlj’^ diluted with distilled water before it was used. In 
experiments involving trichloroacetic acid (TCA) precipitation of proteins and deter¬ 
mination of radioactivity in the precipitate, the dissolved precipitate was counted in the 
test tube in which the original sample had been measured and in which precipitation and 
washing had been subsequenthv performed, so that no transfer of material was required. 
Precipitation of proteins was made bj' adding 4 to S volumes of ice-cold 10% TCA; 
ten minutes later the mixture was centrifuged, the supernatant liquid removed b}' aspira¬ 
tion, the precipitate resuspended in 10% TCA, centrifuged, and the liquid again aspi¬ 
rated. The precipitate was then dissolved in 2N NaOH with mild heating. 

In some experiments the anion-exchange resin Amberlite IRA-400 was used to re¬ 
move inorganic iodide from hemeprotein solutions. A column of resin 60X8 mm. was 
used, the prcviouslj' rccj'cled resin being washed with water after having been converted 
to the acetate or chloride form. One or 2 ml. of solution were added to the column and 
the effluent (10 to 12 ml.) collected in a graduated centrifuge tube, four or five poitious 
of distilled water being used to wash the column after the sample had run in. Ihis ])iO' 
cedure was adequate to recover in the effluent all the heme-colored material which hac 
been placed on the column. Passage of dilute labelled iodide solutions through the co - 
umn resulted in retention b}’’ the column of more than 99% of the P”. 

Hemoglobin was determined bj"^ the spectrophotometric c 3 '^anmethemoglobin met loc 
( 6 ) and in some cases b 3 ^ iron determination. Methemoglobin Avas determined bj' t re 
method of Heilmo 3 'er (7) and of Evel 3 m and Mallo 3 ^ ( 8 ). Hemin in acetone-HC so vi- 
tion was estimated spectro]jhotometricall 3 ’^ from the extinction coefficients of ewis 
(9). Iron was determined b 3 " the method of Lorber (10) as modified by Paul (11). 

Paper electrophoresis was carried out between horizontal glass plates on batman 
MM paper (12). Paper chromatograms were made b 3 ' the ascending method, butano- 
acetic acid-water and butanol-ammonia-ethanol being used as solvents (13). Radioauto¬ 
graphs were prepared from paper elcctrophoretograms and chromatograms as previous 3 
described (14). 
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Table 1. TCA-precipitable in hemoglobin-iodide solution 


Solutions (1.1 ml.) containing hemoglobin (1.44 B^I/ml.), carrier-free Na I'’* and the 
substances shown were treated with TCA, and the fraction of precipitated determined. 


Test substance (M/L) j 

Per cent of I'” 

TCA precipitate 

Control 

30.6 

Perchlorate (.01) 

30.6 

Thiocj’anate (.Oi) 

6.0 

C 3 'anide (.02) 

24.3 

Thiosulfate (.003) 

4.2 

Sulfate (.1) 

32.0 

Ferrocj'anide (.001) 

7.5 


RESULTS 

When carrier-free Na was added to hemoglobin solutions and the 
proteins precipitated TCA, an appreciable portion of the present 
was found in the protein precipitate. The presence of reducing agents 
(thiosulfate, thiourea, ferrocyanide) and of thiocyanate added to the sys¬ 
tem prior to precipitation greatly decreased the proportion of bound 
to protein, while perchlorate and ci'anide had little effect (Table 1). Bind¬ 
ing of to the proteins seemed to depend upon acid conditions since pas¬ 
sage of neutral hemoglobin-iodide solutions through anion exchange col¬ 
umns yielded virtually no in the effluent while prior acidification (O.IN 
acetic or hjTlrochloric acid) of the iodide-containing hemogloliin solution 
resulted in emergence of a considerable quantity of from the column 
with the proteins. The importance of acid in the liinding was also shown in 
the experiments summarized in Table 2. Five ml. aliquots of hemoglobin 
containing carrier-free Na (0.18 ytc.) were placed in cellophane dialysis 
bags which were then immersed in 50 ml. buffer at pH 6.8 or in O.IN acetic 
acid; the systems were kept at 4^ C with occasional shaking for 72 hours, 
and at this time the bag contents/medium concentration ratio of P^* was 
1.49 in the neutral medium, while the corresponding value at acid pH was 
8.4. The values for serum and for saline were 1.96 and 1.04 respectively. 
The increased volume of the bag contents in e.xperiment 2 (column III) 
suggested that an increase in the number of non-diffusible molecules had 
occurred, perhaps attributable in part to the cleavage of the hematin from 
the protein. Since 60% of the 1*^' within the bag was TCA-precipitable in 
the case of hemoglobin at acid pH, while only 4% of the in the serum 


Table 2. Equilibrium di.alysis of hemoglobi.n-iodide mixtures 


I 

RiC (5 ml.) 

Modiiim (SO ml,) 

III 

b»r ! 

IV 

Medium 

Rac 1 
medium ; 
cone* n- 1 
tmtion j 
1 ratio i 

! I.n , 

VI 

Rac R'l 

1 

i voi- 

, ume 
! <ml.) 

1 

Iin 

(c. m./ 1 
ml) 

Vol- 
unw 
(ml ) 

I... 1 

(c./in.' 1 
ml.) ^ 

1 of 

total 

r* 

TC\ 

P'reip- 

itabb* 

1 1U>0* (4% m w-.itor. 

1 .OSM RbiifTer, pll 6 S 

1 S 

•» 5.1.3 i 

1 

nOTS , 

1 4'‘ 

20 2 

2i 

^ HbO: (4', »n wattr, 1"*) 

1 .lON ncotjc acid 

! -JO 

< *1 4 1 

[ 35 


S 4 

^ •> 

GO 

d Normal -vrum 

1 .(i.'iM I’biifliT, tillf. S 

« 

S7S5 

4S 

2^4 S 1 

1 <*0 

22 3 

4 

(1*1 m water, l‘'i> 


1 







■1 U'l'; O'”) 

r bnfTer, pH G S 

Ul 

:iJ4o 

1 Wt 

nnn 

1 01 1 

C» 4 

0 



86 ROSENBERG Volume 6/, 

bag was precipitaljle, it seemed that tlie concentration gradient in the 
acid-hemoglobin system was not one predominantly involving iodide. 

Since these results suggested that the TCA-precipitability of iodide in 
hemoglobin solutions depended upon the acidic character of the protein 
precipitant rather than upon a hemoglobin-iodide interaction prior to pre¬ 
cipitation, the remainder of the study was concerned with the characteri¬ 
zation of the heme-protein iodide interaction at acid pH. 

A. Iodide co7i centra lion. The effect of vaiying the concentration of iodide 
upon the TCA precipitability of the iodine was studied in acidified mix- 
lui'cs of hemoglobin and iodide. In order to make the conditions of expo¬ 
sure to acid solutions more reproducible, the solutions were made up to be 
.OoN in HCl before TCA precipitation. Figiu'e 1 shows the results of such 
an experiment, the hemoglobin concentration being maintained constant. 



IODIDE CONCENTRATION ( 

Fig. 1. EJfect of iodide concentration upon iodine precipitabilitp. 

Potassium iodide in amounts ranging from 0 to 10 pM were added to 1 in . poi ions 
of aqueous solutions containing 4.0 yuM licmoglobin and 0.15 pc. I , t le na \oumc 
being 2 ml.; 2 ml. 0. IN HCl was then added, and after 10 minutes at room temperature 
the proteins were precipitated by 10% TCA and the precipitable I c eteimmcc. 
concentration of iodide was calculated from the amount present in 4 ume. 

Tlie unbroken line represents the percentage of the P^' piesent n "I'® 

tated witli protein; the broken line indicates the quantity of iodine piecipi a ec (ca c 
bated from the known specific activity of iodide in the system). Aoto c langc m aisciss. 

scale. 
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The proportion of the which became protein-lround varied from 53% 
in the absence of added carrier to less than 1% at the highest iodide con¬ 
centration. However, despite the progressiA-^e reduction in the proportion 
of iodine bound, the quantity of iodide’-' bound increased progressively as 
the concentration of stable iodide rose; thus, at iodide concentration of 
0.0025 ;iM/ml. 0.0044 gM iodine was protein-bound, while at iodide con¬ 
centration 2.5 gM/ml. 0.06 was bound. 

B. Hemoglobin concentration. The effect of varying the concentration of 
hemoglobin upon the TCA precipitability of iodide in the solution under 
conditions of constant iodide concentration was studied, and the results 
appear in Figure 2, which indicates the proportion of the iodide precipit- 
able as the concentration of hemoglobin ranged between 0.007 and 1.4 
gM/ml., at two concentrations of iodide (B and C) and also in the absence 
of added carrier iodide (A). The general shape of these curves was similar 
to that of Figure 1. At each level of iodide concentration the proportion of 
the total iodide which was bound increased with increasing hemoglol)in 
concentration. Although the fraction of the iodide bound increased pro¬ 
gressively as the concentration of hemoglobin rose, the efficiency of the 
process tended to decrease since the highest values for the molar ratios of 
iodine bound/hemoglobin present were observed at the lowest concentra¬ 
tions of hemoglobin. Thus, (curve B, iodide concentration .001 ^M/ml.,) 
at hemoglobin concentration .007 ^tM/ml. the molar ratio of iodine bound 
/hemoglobin present u'as .0031 while at hemoglobin concentration 0.7 
juiM/ml., this ratio was .00052. As was also seen in Figure 1, at a given 
hemoglobin concentration a greater fraction of the iodide was precipital)le 
in the more dilute iodide colutions, and the relative positions of curves B' 
and C' confirmed the finding that higher iodide concentration yielded larg¬ 
er quantities of bound iodine. For example, a ten-fold inci’ease of iodide 
concentration increased the value for the number of moles of iodine bound 
per mole hemoglobin present at .007 /xM liemoglol^in^ml. from .0031 to 
. 0120 . 

C. Presence of other anions. The nature and quantity of certain anions 
in the hemoglobin-iodide solution may modify the proportion of iodide 
which is precipitable. This was suggested by the observation that if hemo¬ 
globin-1'^' solutions were treated with equivalent concentrations of differ¬ 
ent acids prior to precipitation with TCA, the percentage of I"" precipit- 
aiile was not the same in each case. For example, pre-treatment of identical 
aliquots of solutions containing hemoglobin and labelled iodide with O.IX 
acetic, hydrochloric, sulfuric and phosphoric acids resulted in thej^recipi- 
tation of 54, 30, 42 and 42% of the I"", re.spectively, tvhile tliese values 
were 12 and 26%, respectively, when IN acetic and IX hydroelilorie acid 
were used.Pre-treatment of hemoglobin solutions wit it sodium chloride- 
hydrochloric acid mixtures of the same pH imt varying ionic strenath al-o 
suggested an inhibitory effect of the chloride ior. 
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Fig. 2. Effect of hemoglobin concentration rtpon iodine precipitabiliUj. 

Increa.sing amounts of liemoglobin ranging from 0.035 to 7.5 pM wore added to test 
tubes containing the same quantity of labelled iodide. Three parallel e.xperiments are. 
shown; tubes of series A contained no added carrier iodide, tubes of series B contained 
.005, and of series C .05 juM KB-" respectively. The total volume of solution was 2.5 ml. 
To each tube 2.5 ml. O.IN HCl was then added; one hour later the proteins were pre¬ 
cipitated b^'’ 10% TCA and precipitable determined. The concentrations of iodide 
and of hemoglobin are calculated from the quantities present in 5 ml. volume. 

d’he percentage of the total P^' bound to protein is shown in the unbroken lines (left 
ordinate), and the values for the moles of iodine precipitable per mole of oxjdiemo- 
globin present are shown in the broken lines (right ordinate), the values in B' and 0' 
being calculated from the known specific activities in the corresponding series B and C. 

The comparative effects of the presence of cJiloi’ide, bromide, fluoi’ide, 
thiocyanate and iodide on the binding of iodine are shown in Figure 3. 
These ions were added as sodium salts to solutions of hemoglobin and 
labelled iodide which were then made .05N in HCl and the proteins pre¬ 
cipitated with TCA. Under the conditions of the experiment fluoride and 
chloride had little effect while the presence of bromide caused a fall in the 
proportion of precipitable with protein; at a bromide concentration of 
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Fig. 3. EJfcct of added halides on precipilability of 

Left panel. To a scries of tubes containing 4.0 pM HbOj and 0.05 /iM KI labelled 
with were added fluoride, bromide, chloride, thiocyanate, and iodide, in amounts of 
0.5, 5.0, and 50.0 /niM as sodium salts, the final volume being 2.0 ml. 2.0 ml. 0.1 N HCI 
was then added to each tube, and after 30 minutes at room tpmjieraturc, TC.V precipi¬ 
tation was performed. The iicrcentagc of the total I"' preciiiitated is shown. 

Right panel. Experiment similar to but the concentration of HbO; was smaller, 
O.IN H;SOi was used in place of 0.1 N HCI, and the concentration of chlorifle wa^ 
varied from 0 to 125 p^I/ml. 

12.5 juM/ml. onl}' one-thircl as mucli iodide tvas precipital)le as in tlie ali- 
sence of liromide. Tlie inliibitory effect of added chloride (which liad prob¬ 
ably been masked by tlie high chloride concentration re.sulting from the 
nse of hydrochloric acid as the acidifying agent) is apparent in the right 
panel of Figure 3, where sulfuric acid was used in place of hydrochloric, 
and a chloride concentration of 12.5 gM/ml. appreciably reduced iodine 
binding. The great inhibitory effect of thiocyanate upon 1'^' precipitability 
is .shown in Figure 3; the binding of iodine was reduced to 30, S and 2% of 
control values by the three concentrations of thiocyanate tested. The in¬ 
hibitory effect of thiocyanate is comparable in magnitude to that of iodide 
itself on the protein-binding of I'^', although the iodide ion appeared >ome- 
what more effective. Comparison of the effects of bromide and iodide indi- 
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cated that iodide contamination of bromide did not account for the in¬ 
hibitory effects of the latter; since 12.5 /ixM/ml. of bromide yielded a value 
for precipitable similar to that encountered at 0.125 of added 

iodide, 1% iodide contamination of bromide would have been required to 
account for the effects on this basis. 

The inhibitory effect of thiocyanate depended not only upon its concen¬ 
tration but also upon the concentration of hemoglolhn. This was shown in 
a study of the effect of thiocyanate upon the TCA precipitability of 1’=*' 
in two hemoglobin-Na (carrier-free) systems, the first containing 
1,5 Mfi Hb02/ml. and the second 0.15 MM/ml. In the more concentrated 
hemoglobin solution, inhibition was found to be 10, 25 and 70% at thiocya¬ 
nate concentrations of 10~h 10'^ and 10-- M respectively, while the cor¬ 
responding values in the more dilute solution were 43%, 58%, and 84%; 
per cent inhibition was defined as 100X(1 — precipitated in presence 
of thiocyanate/%r^^ precipitated in absence of thiocyanate). 

D. Effect of other heme comjjounds. Comparison of iodine binding by 
some heme proteins and by hemin indicated that oxyhemoglobin was by 
far the most effective substance tested. Table 3 indicates the effects of 
hematin, oxyhemoglobin and methemoglobin in equimolar concentration 
in producing TCA insolubility of iodide, under various conditions. An 
appreciable fraction of the was precipitated with hematin onl}'' in the 
absence of carrier iodide; the addition of globin to hemin prior to dissolving- 
in dilute NaOH did not increase the proportion of I*®' bound. Thiocyanate, 
thiourea and dithionite are seen to have exerted some inhibitoiy effect on 
the carrier-free Na I‘^‘-hematin system. Methemoglobin was quite ineffec¬ 
tive in binding iodine in acid solution; it is possible that the slightly higher 
percentage of bound in the presence of dithionite than in the control 
maj^ have been due to oxygenation of reduced hemoglobin. The ineffective¬ 
ness of methemoglobin was also apparent in experiments similar to those in 
Figure 2, in which mixtures of oxyhemoglobin and methemoglobin pre- 
pai-ed auto-oxidation of the former, were used at various concentrations 


Table 3. TCA-pkbcipitable in solutions of hematin, HbOs, MetHb 
The test substances were added to solutions of carrier-free Na P®' containing the desig¬ 
nated quantities of heme compounds, HCl was added to a final volume of 2.5 ml. and con¬ 
centration of .05 N, and TCA-pvecipitable P®' determined. Hematin solution was prepared 
just before use by dissolving recrystallized hemin in 3.1 equivalents of NaOH. MetHb solu¬ 
tion was a well-dialyzed sample of ferricyanide-treated hemoglobin. 


Substance added (/iM) 

Hematin, 

3.45 nM 

O.vyhemoglobin, 

3.45 

Methemoglobin, 
3.45 fiM 

Control 

KI 0.01 

KI 0.10 

KI 1.00 

NaSCN 1.0 

Thiourea 1.0 

Na;S 204 (e.x-cess) 

% 

5.6 

1.0 

1.0 , 
1.0 

2.7 

0.7 

0.5 

of I'^' TCA-precipita 
56.8 1 

40.0 

15.2 

3.1 

7.1 
.30.6 

0.9 

ble 

0.9 

0.5 

0.4 

0.4 

0.4 

0.5 

1.3 
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and in different proportions; the curve expressing the relationship between 
the fraction of bound and the HbO" concentration of the mixture was 
very similar to that found in solutions of oxyhemoglobin alone. As indi¬ 
cated in Table 1, ferrocyanide was found to exert a considerable inhibitory 
effect on the binding; it was therefore essential that solutions of methemo- 
globin prepared bj' the ferricyanide method be dialyzed very thoroughly to 
ensure the absence of both ferri- and ferro-cyanide from the system before 
using the methemoglobin in experiments on iodine binding, particularly 
where the effect of the methemoglobin on binding by oxyhemoglobin- 
containing solutions was studied. 

Figure 4A compares equimolar concentrations of oxyhemoglobin, re¬ 
duced hemoglobin and carboxyhemoglobin with respect to iodine precipita- 
bility, and shows the greater proportion bound bj" ox 3 ’hemoglobin. To 
demonstrate the decreased effectiveness of reduced hemoglobin in this .sys¬ 
tem it was found necessary to equilibrate with nitrogen for 10 to 15 minutes 
and to exclude air from the .s.ystem with great care. 

In Figure 4B is shown the difference in results observed when acid was 
added to the oxyhemoglobin solution after, as compared with 10 minutes 
before, the addition of iodide to the sj'stem, the chloride and HCl con¬ 
centration being the same in the two cases; the experiment indicated again 
that conversion of oxyhemoglobin to acid hematin in the presence of iodide 
led to considerable binding of iodine while little bound iodine resulted from 
the re-acidification in iodide solution of the neutralized acid hematin 
formed in the absence of iodide. 

E. Iodine in glohin and in hemin. In order to determine whether the 
bound iodine in the oxyhemoglobin-iodide-HCl system was in the porphy¬ 
rin or in the globin fraction, the acid-acetone procedure was used as illus¬ 
trated in Figure 5. The fractions were designated as follows: original solu¬ 
tion of Hb02-iodide*^‘-HCl, A; the anion-exchange column effluent, B; the 
wa.shed acetone precipitate derived from acetone treatment of the column 
effluent, G; the acetone supernatant, F; and the hemin derived from the 
latter, H. The results of 14 experiments such as shown in Figure 5 are 
summarized in Table 4. These experiments were made under a variety of 
conditions of temperature, time and concentration of reactants. In 10 
experiments in which iodide carrier was used, between 22 and 60% of the 
iodine in A was not adsorbed bj' the column (and hence was presumably 
not iodide) and appeared in B; the values for the TCA-precipitable I'-'’ in 
the A solutions in general were slightl.v le-'^s than those for the not re¬ 
tained l\v the column. An average value of 33% (range 29-43) of thcP'' 
emerging from the column was accounted for in the globin precipitate. 

The globin precipitate, G, could be redissolved in water and reprecipi¬ 
tated by acetone-HCl with relatively .‘small losses of radioactivity. For 
example, in one experiment tlirce equal aliquots of the column effluent, B. 
were subjected to the acid-acetone procedure and acetone-washed fraction 
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HbOz HHb HbCO HbO? "ACID 

HEMATIN" 


Fig. 4. TCA prccipitable in heme protein solutions. 

A. Air, nitrogen, and carbon mono.xidc were bubbled into solutions containing G,32 
,ujM HbOo, 0.382 labelled KI and 3 drops octyl alcohol in 4 ml. volume. After 10 min¬ 
utes and while gas flow continued, 2 ml. 0.1 ml. IN HCl was injected into each solution 
via a rubber tube and then TC.‘\ precipitation was performed. 

B. "Acid hematin” was prejiared bj' adding 0.1 ml. IN HCl to 1 ml. HbOo solution 
(4.2 pM) and allowing it to stand 10 minutes at room temperature. After neutralization 
of the mi.xture with 0.13 ml. IN NaOH, 0.01 pM labelled KI was added, the solution 
again made O.IN in HCl and after 10 minutes, TCA precipitation was done. The Hb02 
control was treated in the same way, except that 0.1 ml. IN NaCl was used instead of 
IN HCl, and water instead of NaOH. 

G prepared from each; analj^sis of one sample was made directl}^ another 
after dissolving the precipitate and re-precipitating, and of the third after 
dissolving and reprecipitating twice; the once, twice and thrice precipi¬ 
tated globin fractions contained 39.6, 35.6 and 32.4% of the in the col¬ 
umn effluent, respective!}^, while the corresponding iron values were 14.9, 
13.6, and 13.6% of B. 

In 6 experiments in which hemin was prepared from the acetone filtrate 
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^ Hb02 (12. 6 fiM), KI{.076 ^M) in 0, INHCl (4 ml) 

Amberlite IRA-400 (acetate) 

60 X 8 mm 


B Effluent (I 40. 4% of A) 
(Fe 100% >' ) 

10 volumes 
acetone - HCl 


precipitate 
G "globin" 
(acetone- 
washed) 


Fig. 5. Distribution of iodino and iron in acetone-soluble and insoluble 
fractions of acidified oxyhemoglobin. 

the washed, isolated (but not recrystallized) hemin accounted for 42.2% 
(range 25-57) of the in F. 

The presence of reducing agents (thiourea, ascorbic acid) in solution A 
prior to acidification rc.sulted in almost complete removal of !'•’* liy tiic 
re.sin column, so that little P'*' appeared in B, a result comparable to the 
diminution in the fraction of iodine precipitable by TCA under similar 
circumstances. In an experiment identical with experiment 4 in Talile 4, 
except (hat thiourea 40 ulMhiil. was present in the HbO^-iodidc solution 
lioforc acidification, only 3.2% of the I'-"'* in A appeared in B, and Cl con¬ 
tained only 4.4:% of the Ral in B, in contrast to corresponding values of 22 
and 29% in the absence of thiourea. 

The "globin” (G) prepared by tJie procedure described had a l)i-ownish 
color, and its concentrated solutions were yellow; in alkaline solution and 
in (he presence of a reducing agent (dithionite), the absorption spectrum 
of G was similar to that of gloliin hemocliromogen but tlie maxima were 
shifted 4-5 mji toward the shorter wavelengths (maxima at 554 and 523 
niju): tiic material exhibited peroxidase activity by the l)enzidine test: and 
when G was prepared from hemoglobin solution to which a reducing aiicnt 
had been added prior to acidification, and binding of iodine had been 
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Table 4. Iodine and ikon in “globin’’ prepared from resin-treated 

ACID SOLUTIONS OF OXYHEMOGLOBIN AND IODIDE 


A, B, and G refer to the fractions so designated in Figure 4. 


Expt. 

HbO. 

KI 

HCl 

I'3* in 
column 
effluent 

I”* in 
“globin’’ 
(G) 

Fe in 
globin 

I»VFe* 


iiM/ml. 

/uM/ml. 

M/L 

(% of A) 

(% of B) 

(% of B) 


1 

3.15 

0.019 

0.1 

40 

43 

17 

2.53 
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2.63 

0.018 

0.1 

30 

29 

16 

1.81 
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2.58 

0.019 

0.05 

33 

36 

14 

2.57 
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3.0 

0.019 
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29 

18 

1.61 
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5.3 

0.011 

0.09 

28 

29 
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2.58 
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2.32 
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0.09 
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0.17 
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largely prevented, the acetone precipitate was much lighter in color. Since 
hemin (ferriheme chloride) can be readily converted to iodohemin (i.e. fer- 
riheme iodide) (15), and since it has been claimed (9, 16) that acidification 
of ox 3 ’hemoglobin and subsequent extraction with acetone or ether liber¬ 
ates only part of the hemin from the protein unless a reducing agent is 
present, the possibilit 3 ’ was considered, in view of the aforementioned ob¬ 
servations suggesting that the “globin’’ was not free of hematin, that the 
in tJie globin fi’action was actualb^ bound to hematin not separated from 
the globin 1131 the acid-acetone procedure, particularl 3 ’ since some I*®* was 
found in the hemin isolated from the acetone soluble fraction in these ex¬ 
periments. This possibility was explored in trvo ways: (1) b 3 '' determination 
of iron in the globin precipitate as well as in A and B, and by comparison 
of the iron and iodine content of these fractions, and (2) by studying the 
hemoglobin-iodide'^* system at various values of pH and comparing the 
fraction of P'" and of hemin in the acetone soluble and insoluble fractions. 

( 1 ) Iron analysis indicated that usually all the iron in A was recovered 
in the column effluent B, while an average of 14.9% of the effluent iron was 
present in fraction G (Table 4). The iron analyses were in good general 
agreement with spectrophotometrically determined values for hemin m the 
acetone filtrate. The value for the fraction of present in G w^ always 
greater than the corresponding iron value, the ratio being 2.3 (lable 
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Since the I‘®‘/Fe ratio was always higher in the "globin’’ than in the ace¬ 
tone supernatant, in the column effluent, or in the hemin (see insert. Fig. 
5), it seemed unlikely that the bound to the globin fraction could be 
accounted for on the basis of ferriheme iodide adherent to the acetone pre¬ 
cipitate. 

(2) Parallel observations were made of the effect of varying tlie pH of 
Iib 02 -P^'-HCl solutions upon I**' binding and splitting of hemin from the 
protein. These experiments were modelled after those of Lewis (9) and the 
results are shown in Figure 6. Solutions of HbO^ and P®' of constant ionic 
strength were maintained at pH values ranging from 6.5 to 2.0 and aliquots 
of each solution were used to determine the fraction of the total P^‘ Ijound 
(by the anion-exchange resin method), the fraction precipitable by TCA 
and by acetone, and the proportion of the total hemin soluble in acetone. 
As the pH decreased, a larger fraction of the P^^ became bound (curve II) 
the binding becoming appreciable at pH 4.5 and continuing to rise to pH 
2.0. In general the curve describing TCA-precipitabilit 3 ^ (IV) paralleled 
curve II. The plateau of curve IV between pH 6.5 and 4.S could represent 
the acidif 3 dng effect of the precipitant itself. It was of interest to find that 
maintenance of the solutions at pH 4 to 2 with mineral acid resulted in 
progressively higher values for the TCA precipitable P^' possibly because 
acidification with TCA alone ma 3 ' not have permitted completion of the 
reaction before the protein was thrown out of solution. The cuin’e repre¬ 
senting P^i bound was similar to that of hemin split from the protein 
(curve V), suggesting that the formation of acid hematin and the binding 
of iodine occurred pari passu. However, below pH 3.5, 75-90% of the hem¬ 
in was split from the protein while 25-30% of the total P^‘ present was in 
(he acetone precipitate (curve I). When the I'®‘ in the acetone precipitate 
was expressed as a fraction of the bound I'^' (curve III), it was apparent 
that in the pH range 2-3 45% of the bound I'-'®' was in the protein precipi¬ 
tate, which at most contained onl 3 ' 15% of the hemin. The inerease in 
bound I'^' despite achievement of a plateau for the percentage of acetonc- 
precipilable 1'^* suggested that at the lower pH values ferriheme itself 
bound iodide, and this view was consistent with the finding that TC.V- 
prccipitable I''*' always exceeded the acetone-precipitable I''". Figure (i also 
shows that the presence of a reducing agent (ascorbic acid) (points marked 
•A) not only sharply decreased the binding of I'’^ but also permitted quan¬ 
titative cleavage of hematin from the acidified oxx'hemoglobin. The results 
suggest that the binding of I’’'" In* the heme protein paralleled the forma¬ 
tion of acid hematin, but quantitative considerations .suggest, as do tlie 
I/Fe ratios in globin, that iodohemin adherent to the protein did not ac¬ 
count for the 1''^‘ bound to globin. 

-A. few observations have been made concerning some of the properties 
of the bound iodijie in the globin precipitates and column effluents of acidi¬ 
fied hemoglobin-iodide'^* solutions. TCA precipitation of the-e solution" 
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Fig. G. E,[fcd of pll on 7’^' bound to protein and on separation of licmin from glohin. 

Solutions of oxyhemoglobin (0.77 /;M/ml.) containing carrier-free NaP’* were ad¬ 
justed to various pH, ionic strength being maintained constant (.033) by appropriate 
NaCl-HCl mixtures. Aliquots were used to obtain the data shown. Curve I represents 
the percentage of the total precipitable by acetone at each pH, curve 11 the percent¬ 
age not adsorbed b}" anion-exchange resin, curve IV the percentage precipitable bj'- TCA. 
Curve III is derived from I and II and indicates the fraction of bound I'^' present in the 
acetone preeipitate. Curve V (upper panel) shows the percentage of the total hemin 
which was present in the acetone solutions. 

The points marked A are values for a solution to which ascorbic acid was added prior 
to acidification to pH 2.06. 
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showed 70-80% of the in both B and G to be precipitalale and similar 
values were found on permitting B and G to pass through anion-exchange 
columns, 70-80% of the I'^' present emerging from the column. Dialysis of 
solutions of the labelled acetone precipitate (within the bag) against 10 
volumes of distilled water resulted in bag/medium concentration ratios 
of 15 to 25. After prolonged dialj'sis of labelled G solutions the I’^' within 
the bag was still not completel}' TCA precipitable. These results suggested 
some instabilitj' in neutral and acid solutions of the linkage by which iodine 
was bound to protein. 

The addition of large quantities of iodide, thiocyanate or reducing sub¬ 
stances to labelled B or G solutions did not change the proportion of 1'^' 
that was TCA-precipitable. A brief exposure to 0.5N NaOH, at room tem¬ 
perature, however, decreased the percentage of I*®' precipitable b}’ TCA 
or not retained b}' anion-exchange columns to 10-20% of the values prior 
to NaOH exposure. 

Chromatographic studies of B and G after pancreatic enzyme hydroh’sis 
failed to reveal the presence of labelled mono- or diiodotyrosine, thyroxine 
or triiodothyronine. Chromatograms (butanol-acetic acid-water) of un¬ 
hydrolyzed B showed a benzidine-positive, brown spot near the solvent 
front which contained I‘^‘ and this was tentatively identified as hemin; 
most of the radioactivity and pigmented material remained at the origin, 
but a faint radioactive zone in the iodide region was also usually detectable. 
Paper electrophoresis of G at pH 5.5 for two hours revealed most of the 
to be at the origin, as was the protein but some P'” had the mobility 
of iodide. Pre-treatment of G with strong alkali and partial neutralization 
prior to electrophoresis resulted in intensification of the iodide zone and 
considerable diminution of the activity at the origin. More prolonged elec¬ 
trophoresis at acid pH (18 hours) resulted in a long cathode-migrating 
smear in whicli protein (Durrum reagent), peroxidase activity (benzidine) 
and radioactivity were superimposable. In general, the cliromatographic 
and electrophoretic results confirmed tlie impression gained from other 
experiments that the P'"*' was pre.sent in Imth liemin and globin, and that 
alkali released iodide from the bound form. 

DISCUSSION 

The.'^e experiments indicate that appreciable quantities of iodine may 
become bound—i.e. may no longer behave as inorganic iodide, as judged 
by TCA-precipitability, dialyzability and beliavior toward anion-exchange 
resins—when iodide-containing solutions of oxyhemoglobin are acidified. 
The iodine was found in iioth the protein and the hemin, tiie proportion 
and amount varying with conditions of pH, concentrations of reactants, 
ionic strength, and other factors. Although some hemin or a hemin deriva¬ 
tive was present in the gtoliin fraction prepared under conditions Icadiiur 
to iodine binding, quantitative considerations failed to support the idea 
that all the protein-bound iodine was iodohemin. Using the observation- 
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that the “globin'^ contained, on the average, 2.3 times as much of the total 
bound iodine as of the iron in the acid-iodide-oxyhemoglobin system, that 
15% of the total hemin was retained in the “globin,’' that only 80% of the 
in G was TCA precipitable, and assuming that all the in the acetone 
filtrate was hemin-Ii^b one may calculate that only 45% of the globin io¬ 
dine could be accounted for as iodohemin. This calculation is based on the 
assumption that all the heme molecules in hemoglobin are equal in their 
iodine-combining capacity. There is some evidence that one of the hemes 
in methemoglobin may be dissimilar to its fellows in its behavior toward 
acid cleavage (9), and it is perhaps po.ssible that the hemin firmly bound 
to the globin could have a larger iodine/iron ratio than existed in the hem¬ 
in that was extractable bj'’ acetone. 

The effect of bromide chloride and particularlj’^ of thiocyanate in de¬ 
creasing the binding of iodine could in part be related to competition be¬ 
tween these anions and iodide for the formation of halide derivatives of 
hematin, but the observation that onlj’- a fraction of the bound iodine was 
accounted for as iodohemin suggests that this does not completel}" explain 
the inhibitory mechanism. The failure of cyanide appreciably to affect 
iodine binding in this system may be related to the very limited dissocia¬ 
tion of HCN at the low pH of the reaction mixture. 

The reasons for the variation among the values listed in Table 4 for the 
fraction of the total iodine found in the acetone precipitate is not entirely 
clear. The experiments differed in concentration of reactants, pH and ionic 
strength, which are factors known to influence the results. It is also pos¬ 
sible that the temperature at which acidification occurred and the time 
elapsing between acidification and precipitation, factors which were not 
controlled in these experiments, could be important. The inconstancy of 
the iodine composition of the globin-iodine compound, as reflected in the 
diminishing iodine content resulting from repeated precipitations, is 
another factor that might be responsible for variation. 

The curves expressing the relationship between the quantitj’’ of iodine 
bound and both the iodide concentration and the hemoglobin concentra¬ 
tion (Figs. 1 and 2) appear to be of exponential nature. Re-plotting the 
data of curves B' and C' in Fig. 2 as a log-log graph indicated a straight 
line relationship between log (quantity of iodine bound) and log (hemo¬ 
globin concentration) at each iodide concentration; a similar graphical 
method applied to the data of Figure 1, i.e. plotting the log (quantity of 
iodine bound) against log (concentration of iodide) did not 3 deld a straight 
line, and it is therefore likely that an equation of the Freundlich adsorption 
isotherm type does not describe the relationship between these quantities. 

Although hemin (via alkaline hematin) could combine with trace quanti¬ 
ties of iodide under the conditions of these experiments, of all the heme 
compounds tested (Hb02, HHb, HbCO, MetHb, and hemin) oxyhemoglo¬ 
bin was by far the most effective in the iodine-binding system. These ob- 
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servations together with the failure of acid hematin to coml)ine appreci- 
ablj" with iodide, suggested that (ferrous) heme attached to globin and 
combined with oxygen was required for maximal iodine binding consequent 
to acidification. It is known that certain reducing substances (ascorbic 
acid, epinephrine) cannot be accurately determined in hemolj^zed sera de- 
proteinized l3y trichloroacetic acid, and it has been suggested that the liber¬ 
ation of “active oxygen” which occurs when oxyhemoglobin is acidified 
leads to oxidation not only of the ferrous iron but also of oxidizable sub¬ 
stances in the solution, including globin itself (17). Acidification of oxy¬ 
hemoglobin fails to free globin entirety of hemin, and some of the pigment 
is very firmly bound to the protein, perhaps by a reactive group formed as a 
consequence of globin oxidation (16, 18); if a reducing agent is present or if 
oxyhemoglobin is converted to a non-oxygen-containing heme protein 
prior to acidification, the globin can be almost completely freed of heme 
(9, 16). In addition to this mechanism of oxidation by oxj'gen released 
from combination, it has also been suggested that hydrogen peroxide may 
l;)e formed when oxyhemoglobin is acidified, and the peroxide may oxidize 
appropriate substances that may be present, hematin acting as peroxidase 
(19). The importance of the oxidative change in effecting the binding of 
iodine was implied not only by the effectiveness of oxyhemoglobin as com¬ 
pared with other heme proteins but bj"^ the effect of reducing agents in de¬ 
creasing the binding. The studies of Lemberg (19) of the oxidation of as¬ 
corbic acid by solutions of oxyhemoglobin undergoing acidification empha¬ 
sized the rapidity both of the reaction and of the disappearance of the oxi¬ 
dizing system after acidification, features which were characteristic also of 
the oxyhemoglobin-iodide-acid system. It is not clear from the data avail¬ 
able whether the inhibition of iodine binding by reducing agents such as 
ferrocj^anide or thiosulfate is attributable to the presence of an oxidizable 
substance which may spare iodide or to a direct reduction by these sub¬ 
stances of an oxidized form of iodine. 

The nature of the protein-bound iodine is not known. The preliminary 
chromatographic and electrophoretic studies have indicated the presence 
of labelled hemin, labelled protein, and, after hydrolysis, inorganic iodide. 
The alkali-lability of the binding, its greater stability in acid, the non- 
dialyzable character of the bound iodine and the apparent lack of effect of 
reducing agents upon the compound once formed are striking features. 
Instability in alkali is not characteristic of iodotyrosines and no evidence 
of these compounds was detected. If oxidation of iodide to iodine l)y active 
oxygen were the mechanism of iodination, the low pH at which the iodina- 
tion occurred might conceivably prevent iodination of tyrosine residues, 
since alkaline conditions facilitate this reaction (20), which proceeds very 
.slowly below pH 3 (21). An iodination that could occur at acid pH i- the 
formation of a sulfenyl iodide, by the reaction between iodine and a thiol 
group (20). Although sulfenyl iodides are considered unstable, evidence 
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has recentl.y been presented indicating the formation and persistence of 
this grouping as a result of tlie reaction of iodine Avitli tol^acco mosaic 
virus (22). 

The fact tliat even at veiy low iodide'-' concentrations seldom was more 
than 50 to 60% of the available iodine bound suggested that the sequence 
might possibl.y be: 


oxidation +RH 
21-—-. L,-.HI + RI 

Until characterization of the products has been achieved, such an idea is, 
of course, speculative. 

It is believed from quantitative considerations mentioned above, that 
although the iodine-globin compound was not free of hemin (or a deriva¬ 
tive), one may conclude that the iodine-protein binding may occur as a 
consequence of the same oxidation effects which produce adherence of 
hemin to the protein rather than that adherent iodohemin is necessarily 
the form in which iodine occurs in the protein. 

Some aspects of the iodine-protein combination bear a superficial re¬ 
semblance to iodine metabolism of tlie tlHU’oid gland; in particular the ca¬ 
pacity of the oxyhemoglobin solution to abstract iodine from a surround¬ 
ing medium at low pH (Table 2), the considerable inhibitory effects of 
thiocyanate and thiourea, and the dependence upoii "oxidative condi¬ 
tions.” Despite the unphysiological pH at which this reaction occurs and 
other obvious differences from either tlH'i’oidal “trapping” or organic 
binding of iodine, one wonders whether conditions might not exist under 
which iron porphyrin proteins such as peroxidase or the cytochromes might 
bind iodine and serve as an iodide transport mechanism. 

The iodine binding that can occur when oxyhemoglobin undergoes con¬ 
version to acid hematin, together witli the observations on hemoh^zed sera 
mentioned in the introductory statements, suggested that the use of TCA 
as a protein precipitant might yield spuriousl}" high values for in 

systems containing oxyhemoglobin and iodide"". Incubation of homogenates 
of blood-containing organs, such as spleen, with I'^' was sometimes associ¬ 
ated with the occurrence of appreciable I'*' in the TCA-precipitate of such 
a sj^stem (23). The effect of the presence of various concentrations of 
hemoglobin in serum containing iodide'^' upon the conversion ratio as de¬ 
termined b}^ the TCA method is seen in Figure 7. At a serum hemoglobin 
concentration of 500 mg.%, 10% of the I'^' Avas precipitable and this was 
almost completelj" prevented b}'' addition of thiourea prior to precipitation. 
Hemolj'^sis of this degree might therefore cause an error of 10 to 40% in 
serum conversion ratios of euth 3 u-oid subjects. Serum seemed to exert 
some inhibitoiy effect on the TCA-precipitabilit3^ of iodine in hemoglobin 
solutions as shoAvn b 3 '^ the higher values for TCA-precipitable I'^' in the 
absence of serum (Fig. 7); possible causes of this inhibition, Avhich would 
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HEMOGLOBIN CONCENTRATION (Mg./lOOml) 

Fig. 7. TCA prccipilabilitij of serum effect of added hemoglobin. 

Aliquots of scrum (0.5 ml.) contiiining carricr-frcc N.al'^' were atljustcfl to dilTerciit 
hemoglobin concentrations, the total volume being l.o ml., and jiroteins were precipi¬ 
tated by TCA (A). B is same as \ save for the presence of thiourea (3.3 mgm./ml.) 
added prior to TCA. C represent.s hemoglobin and Nal'^' in ab.«cnce of serum. 

decrease the precipitation error that miglit otlierwise occur, include the 
presence of reducing substances, inorganic iodide and otlier lialides. 

Altliougli analyses of TCA-precipitable I'-' in serum containing hemo¬ 
globin tvere not made, one might anticipate from the data shou-n in Fig¬ 
ures 1, 2 and 7 that increa.'^ed values for PBP-' might be encountered in 
."jcrum .samples containing a high concentration of hemoglobin, particularly 
if the serum iodide'-' concentration were also high. 
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COMPARISON OF THYROIDAL AND GASTRIC 
IODIDE PUMPS IN RATS' 

N. S. HALMI AND R. G. STUELKE 

Department of Anatomy, State University of Iowa, Iowa City, Iowa 

ABSTRACT 

Low iodine intake activated the thyroidal iodide pump of rats but had no 
effect on the gastric pump. Thyroid/serum (T/S) and gastric juicc/sorum (J/S) 
radioiodide concentration ratios were similar in rats receiving adequate 
amounts of dietary iodine. When graded doses of Nal’-' or XaClOj were in¬ 
jected, the T/S was more markedly depressed at any dose level used tlian was 
the J/S. In rats on a diet with adequate iodine content the capacity of the 
rat’s stomach juice for “pumped” iodide was found to bo higher than that 
of the thyroid. Analysis of the findings suggests that the gastric ioclidc punqi 
differs from its thyroidal counterpart a) by not Ijcing responsive to TSII and 
to low scrum iodide levels, and b) by having a smaller affinity for iodide. 

S INCE transport of iodide across the stomach wall is not followed by 
incorporation of the iodide into thyroglobulin, the proce.ss can be 
studied without recourse to the methods of “chemical dissection” used in 
investigating the thyroidal iodide pump. It would be convenient if the 
gastric and the thyroidal iodide pump were in every respect comparable, 
and results obtained regarding the nature, kinetics and regulation of the 
former could be held valid for the latter as well. Indeed, gastric and thy¬ 
roidal iodide transport do show similarities: a) at physiologic serum iodide 
levels stomach juice/serum and thyroid/.serum iodide concentration gradi¬ 
ents of rats are approximately the same (vide infra); b) both mechanisms 
are inhibited by thiocyanate (unpublished observations) and perchlorate 
(1) in rats, as they are in other species (2, .3, 4). On the other hand thyro- 
trophin (TSH), to which the thyroidal iodide pump is exquisitely sensitive 
(5, 6, 7), has no unequivocal effect on gastric iodide transport (S). This 
paper points out further differences between the gastric and the thyroidal 
iodide pump of rats with regard to their responses to a) low iodine intake, 
b) elevation of serum iodide levels and c) graded doses of perchlorate. 

MATERIALS AND METHODS 

Young .idult male Holtzman rats were used. For three weeks they were fed eitlier a 
Remington diet (Low Iodine Test Diet. Xutrition.al BioehemicaL Corporation, Ch've- 
lund, Ohio) or the same diet fortified with 1 mg. of iodine (as Xal) per ke. They wore 
fasted for 24 hours before the eNperimental procedures, which were the following: a) 
ligation of ])ylonis and cardia. and either nephrectomy or. in mo-t in-tanee-. tying off 

' Snp])orted by grant .V-P32, I’nited State.s Rublic Health Service. Pn’-eiited at the 
IffoS meeting of the .\mcrican Goiter Association, San Franci-co, Calif. 
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of call the structures in the rencal hilum performed in order to obviate the influence of 
renal excretion on tlie equilibration of (9); the operations were carried out under 
ether anesthesia; b) subcutaneous injection of 12 mg. of propylthiouracil (PTU) in 0.6 
ml. of alkaline solution immediately after closure of the abdominal incision, and c) sub¬ 
cutaneous injection of a tracer dose of I'®* one-half hour later. I”' was given in one ml. 
of isotonic (154 mM/1.) NaCl solution, or with graded doses of NaP^’ or NaClO^. Both 
NaP'" and NaC10.i were prepared in isotonic solutions. When the dose given was less 
than the NaP'^’ or NaClOi contained in one ml. of this solution, the injected volume 
was made up to one ml. with isotonic NaCl. The rats which received the highest dose of 
NaP” were injected with five ml. of the stock solution. In all cases of NaP” administra¬ 
tion the traeer dose of P^* was thoroughly mixed with the solution of NaP^" given, and 
specific activity was determined. Four hours after the injection of P^' the rats were 
killed. Blood Avas obtained from the abdominal aorta, the gastric contents AA’cre collected, 
and the thyroid was dissected out and weighed on a Roller-Smith balance. One-tenth 
ml. of serum and of the supernatant of the centrifuged gastrie contents, as well as the thj^- 
roid, were prepared for radioactivitj' determination by the method of VanderLaan and 
Greer (5). 

The following abbreviations will be used: 

T = P3' (or labelled P-’) per 100 mg. thyroid 

S = p3i (or labelled P-^) per 0.1 ml. serum 

J = p3i (or labelled P'^^) per 0.1 ml. gastric juice 

Several ])ilot experiments were carried out on rats fed the fortified Remington diet 
or Rockland jjellets for three weeks, subjected to the operative procedures listed above, 
and injected with a tracer dose of P^^ one-half hour after the administration of 12 mg. 
of PTU. a) Since some of our rats I'eceived NaCl while others did not, the effect of this 
salt on gastric and thyroidal iodide transport was examined. As much as 5 ml. of iso¬ 
tonic NaCl given with the P^' had no effect on gastric or thyroidal iodide concentrating 
ability. Controls received 5 ml. of isotonic Na«S 203 . The J/S in these groups was 31.8 
+ 2.6 (S.E.)(9 rats) and 38.9 + 4.0 (10 rats) rcspectivelja b) J/S ratios 6 hours after 
the administration of P’‘ were no greater than at 4 hours. Numerous earlier observa¬ 
tions have indicated that the T/S ratio becomes stable within an hour or less after 
the injection of The J/S and T/S values to be presented can therefore be regarded 
as equilibrium concentration ratios, c) Attempts were made to correlate the amount of 
gastric juice secreted in 4 hours Avith the J/S, since the volume of the supernatant of the 
centrifuged gastric juice from animals used in this study varied from only a little OA^cr 
0.1 ml. to 5-6 ml. No correlation betAA-een the J/S and the amount of gastric juice 
secreted could be established. Because of this and the lack of systematic variation in 
the amount of gastric juice among groups recciAung different forms of treatment, rate 
of gastric juice secretion Avas not regarded as a hctcropoietic factor in this study, d) In 
four rats, 92 + 1.5 (S.E.)% of the P®' of the gastric juice (four hours after the injection 
of tracer amounts) AAras found in the supernatant Avhen 1 part of centrifuged stomach 
juice Avas precipitated Avith 9 parts of 10% trichloroacetic acid this agrees Avith chroma¬ 
tographic findings (10) which shoAA^ed 90-95% of the P’‘ in gastric juice to be in the 
form of iodide. In six rats 83 + 5.2% of serum I>^i Avas not precipitated by trichloroacetic 
acid four hours after the injection of the tracer. This was presumably not due to the 
presence of hormonal P=>' in the serum, since PTU had been given in sufficiently large 
amounts to prevent thyroid hormone formation. Ingbar and Freinkel (11) have also 
found that about 20% of P=‘ added to human serum is hot dialyzable. Binding of P^‘ 
in serum and gastric juice AAvas neglected in the interpretation of our results. It is un¬ 
likely that the error thus introduced exceeded 10% in any group. 

For the computation of the concentration of “pumped” P” in thyroid and gastric 
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Table 1. Thyroid/serum (T/S) and g\stric jlice/serum (J/S) P” 

CONCB.NTRATION RATIOS IN RATS FED A REMINGTON DIET OR THE 
SAME REGIMEN lORTIFIED AMTH IODINE (1 MG./kG.) 


Diet 

No 

I ats 

Body 

AA t , g'm 

Thyroid 

AA t , mg 

T/S 


J/S 

licmington 

8 

23G + 4* 

17 2 + 1 4 

151 4 + 10 1 

30 

3+0 0 

Poinington +I 

'.) 

247 + 7 

11 5+0 5 

31 1 ± 14 

30 

4 +4 3 


* Mean ±st;iiul:iict ciioi 


juice the I'-' which had enteicd by diffusion was estimated as § and t, lesiicctively, of 
the sciuin I'-' concentiation (1), and was subtracted fiom the total concentration of 
P” (Table 2, Fig. 1). 

RESULTS 

Talile 1 shows that the T/S was greatly increased in rats on a low iodine 
diet, which confirms earlier observations (12, 13), but that the J S in the 
same rats was no greater than in rats which had received adequate amounts 
of iodine. 

AVhen was given with graded doses of P-' (Table 2), the T S wa.s 
more readily depressed than the J/S. Figure 1 shows that in the gastric 
juice, as in the thyroid, the concentration of “pumped” I'-' rose and then 
tended to level off as serum P-‘ was elevated; the plateau, which indicates 
the capacity for “pumped” P-q was more than five times as high for the 
ga.stric juice as for the thyroid. The highest concentration of “pumped” 
P-" in the gastric juice of any animal in this study was 350 tig. 0.1 ml., 
compared with 46 jug./lOO mg. in the thyroid which had taken up the larg¬ 
est amount of iodide. Whereas the average J 'T ratio was close to 1 wlien 
only a tracer dose of P^' was given to rats fed the Remington diet with 
added iodine, this value rose to 5.5 when serum P-' was increased to about 
20 Mg-/0.1 ml., and declined again when serum P=' levels were further ele¬ 
vated (Fig. 2). This decrease at very high serum P-' levels was a predictable 
finding. If iodine entered both gastric juice and thyroid by diffusion only, a 
J/T of about 2.3 (see broken line in Fig. 2) would be expected on the lia^is 
of studies with large doses of perchlorate (1). The J T would tend to ap¬ 
proach this value as serum P-‘ levels are raised so high as to flood the 
thyroidal and gastric pumps and eventually render dilYusion of iodide into 
thyroid and gastric juice preponderant over active transport. 

Table 2. Enm oi X!iP=‘ on tharoidal and i.A''TRir iodide I’l mi'- in rat- hd 

A REMINGTON DIET AA ITII IODINE (1 MG /kG ) ADDED 

ThAroidAl PuiniKd * I'' 

No Ilod\ \\l , Do'-of Siriiiii !'■ (SI pmnpod ’ I>‘ in jiiir. 

ritv rni Xil*' uM uc 0 1 nil (I ininii^ S A) (1 nunn.-A'. 41, 

PH IDO me 0 1 ml 

0 J4T±T* 0 — — — 

T ’,A4±S G 10 0 T1±0 11 14 iel .A Is 1 e A .A 

0 J4J-S11 AOS A.A -OAA IS'liJl JG.7eH4 

S •’4oE'> 1.A4 0 JJ 4 ±1 4 J1 t A l.AT leA4 .A 

•A JJS.i-l.A 770 0 1!J J r- 1 id •'•i-'’ '• 17S 7i.AJ o 



Ml in i ."t ind ird i rrtu. 
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Fig. 1, Influence of scrum iodine levels on the concentration of iodine in thyroid 
and gastric juice. Vertical lines: standard errors of the mean. 

With graded doses of NaC 104 similar results were obtained as with 
Nal*-^' the highest dose lowered the J/S to 46% and the T/S to 11% of the 
control values (Table 3). 

DISCUSSION 

The rats fed a low iodine diet were probabl}'- secreting increased amounts 
of TSPI, since their thyroid weights were significant!}'' higher than those of 
the controls (Table 1). The high T/S of iodine deficient rats has been in¬ 
terpreted as the response of a sensitized iodide pump to normal or elevated 
levels of TSH (12,13, 14). The failure of the gastric iodide pump to respond 
to iodine deficienc}^ in part undoubtedly reflects the lack of effect of TSH 
on this mechanism, ■which was also evident in hypophysectomized rats 
given exogenous TSH (8). Since the gastric iodide pump did not even react 
to low iodine intake with the moderate activation observed in the case of 
the thyroidal pump of hypophysectomized rats fed a Remington diet for 
19-20 days (13), the gastric wall apparently lacks an intrinsic regulator of 
its iodide pump like that postulated to exist in the thyroid (12, 13, 14). 

Although the T/S and the J/S were approximately equal in rats fed a 
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Fio. 2. Influence of serum iodine levels on the gastric juice/thyroid radioiodine con¬ 
centration ratio. Each point stands for one rat. Tlie line is drawn througli the mean 
values observed in the groups of rats which were injected with Nal'=‘ at the dose level.s 
shown in Table 2. 


diet containing adequate amounts of iodine and injected onl.y with a tracer 
dose of loading with P-~ siiowed that gastric juice lias a much higher 
capacity for iodide than does the thyroid (Table 2, Fig. 1). This higher 
capacity, of course, ma}" be entirety due to the fact that a known site of 
iodide concentration in the stomach, its secretion, was compared with the 
entire thyroid, which undoubtedh' includes compartment.s in which iodide 
is not concentrated. An increase in the capacity of the thyroid for iodide is 
elicited bj' thjTotrophic stimulation, but tliis is accompanied by a com¬ 
mensurate increase of the T/S at physiologic serum iodide levels (1.5. 1(>). 
The activated thyroid thereby differs from the stomach. In the analysis of 


Table 3. Effect of N.tCIOj o.v thyroidal asd oastric ioujue vi xtrs i\ 

RATS fed a RE.MIXGTO.V DIET AVITIt lODl.VE (1 MG./KG.) ADDED 


No. rats 

Body wt., gin. 

IJoso of 
NaClO*, /iM 

T/S 

.h'!5 

<) 

■247 + 7* 

0 

31.1 +4.4 

36,4=4 3 

0 

•232+4 

0..30S 

17.4 i2.f. 

■27.7-9 1 

r. 

242+5 

.3. OS 

3.3 ±0.6 

16.7=2 1 


* Mean + Standard error. 
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their findings, Wollman and Scow (16) concluded that TSH affects the 
thyroidal iodide pump l^y means other than enhancement of the affinity 
of the transport carrier for its substrate, since it does not alter the Km.- 
Comparison of tlie behavior of gastric and thyroidal iodide transport S 3 ^s- 
tems under conditions of loading with their substrate (Table 2) shows 
that the J/S declines less steeply'’ with increasing serum iodide levels than 
does the T/S. A log-log plot of the data demonstrates that the Kji for the 
gastric iodide transport system is around 3 jug. of serum V^^/0.1 ml. vs. 
1 MgVO.l ml. for the thyroidal pump. This indicates that the gastric pump 
actually has a hivcr affinity for its substrate than that of the th 5 Uoid, which 
accounts for the fact that J/S and T/S are equal at phj'siologic serum 
levels even though the capacity'’ of the gastiic juice for iodide is higher. 

Earlier studies (IS, 19) on dogs have also shown that the gastric iodide 
pump can be saturated with iodide. However, in the dog J/S values are de¬ 
pressed to 1 or below when the serum I’-' reaches 3 mM/1. ( = 38.1 jug. 
/O.l ml.) (19), whei'eas in the rat the J/S is still significant!}^ above 1 when 
the sei'um levels are four times as high. 

It is not known whether the stomach of the rat concentrates perchlorate. 
The thyroid of several species has been found not to concentrate inhibitors 
of iodide transport such as thiocyanate or perchlorate (17, 20, 21), Freinkel 
and Ingbar (21) have therefore postulated that two carriers make up the 
thyroidal iodide pump: the first accepts competing anions as well as iodide, 
the second is specific for iodide. A similar situation may exist in the stom¬ 
ach wall, or gastric iodide transport may be accomplished by a single car¬ 
rier. In any event, the T/S is more readily depressed than the J/S whether 
graded doses of I'-" or perchlorate are given. This appears to indicate that 
the reason for the observed kinetic difference between the gastric and the 
thyroidal iodide pump resides in sites to which both iodide and perchlorate 
attach. It is also evident (compare Tables 2 and 3) that perchlorate is 
about 10 times as effective as iodide in depressing the J/S. The same is true 
for the T/S, which confirms earlier findings (2). Apparently perchlorate 
has a greater affinity for or easier access to the sites on which it acts when 
it inhibits thyroidal or gastric iodide transport. 
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ABSTRACT 

Preparations of tliyroglobiilin iiave been marie bi* salting-ont teeliniqiics 
from the thjToid gland of a single sheep, labeled with in vivo, from multiple 
thyroid glands labeled in vitro, and from multi])le nnlabeled glands. Despite 
electrophoretic and ultracentrifugal homogeneity, such preparations displayed 
OA’idence of heterogeneity, as a.ssessed by their behavior tinring ion-o.vchange 
chromatography, ultraviolet ab.sorption spectra, rate of turnover of and 
amino acid content. 

T he tliyroicl gland is an organ specialized to perform two principal 
bios 3 mthetic functions. Great attention has been directed toward the 
first, i.e., the formation of iodinated amino acids capable of exerting char¬ 
acteristic metabolic effects at distant sites within the organism. However, 
the second major bios^mthetic function of the gland, the synthesis of a 
specific protein framework within which these iodinations maj'^ occur, has 
been largel}^ overlooked. Yet, there is evidence that several of the charac¬ 
teristics of this protein may contribute greatl.y to normal liormonal econ¬ 
omy. Although in vivo iodination of t 3 U-osyl groups within proteins may 
occur in organs other than the th 3 u-oid gland, these extrathyroidal iodo- 
proteins do not contain hormonalR active iodinated amino acids (1“3) 
The demonstration that the hormonal^’- active iodothyronines (as well as 
their iodotyrosyl precursors) are situated as end groups within the tlDuo- 
globulin molecule (4) suggests that the configurational characteristics of 
the thyroglobulin molecule ma 3 '^ somehow facilitate their formation. In ad¬ 
dition, the large molecular size of th 3 u-og]obulin seems certain to make the 
task of the thyroid gland in maintaining a large store of hormone more 

' This investigation was supported in part by Research Grant A-627 from the Na¬ 
tional Institute of Arthritis and Metabolic Diseases of the National Institutes of Health, 
Public Health Service, and in part by the Medical Research and Development Board, 
Office of the Surgeon General, Department of the Arm}"^, under Contract No. DA-49- 
007-MD-412. Presented at the 1958 Meeting of the American Goiter Association. 

- Much of this work was done during tenure as a Visiting 3Vorker, National Institute 
for Medical Research, London, England. Present address, Thorndike Memorial Labo- 
ratorj", Boston Cit}'^ Hospital, Boston, Massachusetts. 
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easily accomplished, and further, the capacity of thyroglobulin to hold 
thyroxine in a loose surface bond ma}' afford some degree of regulation over 
the rate of hormonal release (5). 

For these reasons, it seemed possible that a study of the synthesis of 
th,vroglobulin might ultimately contribute to a better integrated under¬ 
standing ofithe function of the normal and pathological thyroid gland. 
Befoi'e undertaking such a study, however, it seemed advisable to scruti¬ 
nize more carefully the properties of the specific protein moiety in question. 

Several unique characteristics of thj’roglobulin, including its high con¬ 
centration in a readilj’’ available tissue, its apparent relative ease of puri¬ 
fication, and its large molecular size, have caused it to be emploj'ed as a 
model for the stud}'^ of protein behavior in a number of s 3 'stems, physico¬ 
chemical as well as immunological (6-9). As a result, man}' of the physical 
constants and certain aspects of the chemical composition of thyroglobulin 
have been evaluated, and these in turn have served as criteria for assessing 
a number of methods for its isolation, l^elatively recently, it has been 
shown that salting out techniques are capable of providing, from glandular 
extracts, preparations of apparently undenatured protein which have the 
physical and chemical characteristics of thyroglobulin (10). Although such 
preparations display electrophoretic and ultra-centrifugal homogeneity, 
they seem reguiarl}' to consist of several distinct moieties, as judged b}' 
solubility in salt solutions of high ionic strength (10). Attempts to assess 
the homogeneity of such preparations by other criteria, and to isolate the 
heterogeneous components, if po.ssible, constitute the substance of the 
present report. 

METHODS 

Preparation of Thyroglobulin: Sevcr.il latches of thyroglobulin were prepared from 
cxtr.acts of sheep thyroid glands by the method of Derrien, Michel, and Roche, em¬ 
ploying .ammonium sulfate as precipitating agent (10). Final prej)arations were exten¬ 
sively dialyzed against phosphate buffer, 0.01 .1/, pH C.S, and were divided into idiciuots 
which were frozen for use in individual experiments. This method of storing the protein 
was selected in view of the earlier demonstration that thyroglobidin lo^e.s its solubility 
after lyophilization (G). 

The following batches of thyroglobulin were prepared: 

Batches 1, 2, and 3: Thyroglobulin was obtained from pooled glands of sevend 
freshly killed sheep. 

Batches 4 and 5: Twelve thyroid glands were obtained at the abattoir from freshly 
killed sheep. These wore transported to the laboratory under refrigeration. Two glamU 
were quickly sliced with a Stadie-Riggs microtome. Slices were distributed among a 
number of incubation flasks containing Krebs-Ringer-phosirhatc medium and a total 
of 500 pc, of inorganic 1'”. .Vftcr several hours of incubation at 3S° C in an atmosidiere 
of 100% oxygen, slices were removed, blotted, and pooled with slice.-' which had been 
irrepared from the remaining ten thyroid gland.s. The saline e.xtraets of the.-e glands was 
used to prepare Batches 4 and 5. 

Batch 6: .4 single sheep was injected .subcutaneously with 2 me. of inorganic I‘='. 
Twenty-four hours later the sheep was killed with a captive-bolt killer. I he thyroid va- 
quickly removed, freed of fat and fascia, and sectioned with Stadie-Riggs microtome. 
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Ion Exchange Cliromalography: Ion exchange chromatography of preparations of 
thyrogloinilin was performed, employing DEAE-cellulose, preparwl according to tccli- 
niques described by Pet(>rson and Sober (11). Columns 1.5 cm. in diameter and 15 cm. 
long were most commonly emplo.yed. DEAJ'l-celliilose was equilibrated with buffer 
(l)hos]ffiatc 0.01 .1/, j)H (i.S) by means of a batch technique, following which the column 
was poured. Columns were i)acked and flow jnaintained under pressures of appro.xi- 
mately 4 to 10 cm. of mercury, using either compressed air or nitrogen. After packing, 
the column was washed with another 50 ml. of buffer. The solution of protein, after dial¬ 
ysis against buffer of the same pH and molarity, was applied to the column, usually in 
a volume of 5 to 10 ml. An additional .50 to 100 ml. of starting buffer was than allowed 
to wash the column, and the total column effluent was collected during this period. In 
no ease did significant quantities of radioactivity or protein pass through the column 
during the washing ])criod. 

Several exi)oriments were performed in order to define optimum conditions for 
gradient elution. Ultimately, a gradient to buffer containing pho.sphate 0.05 M, NaCl 
0.20 M, pPI 5.7 was chosen. This buffer was passed from a reservoir into a mi.xing cham¬ 
ber containing 250 ml. of the starting buffer continuous!}' agitated b}' a magnetic stirrer. 
Buffer was then passed to the top of the column. Fractions were collected in an auto¬ 
matic (constant interval) fraction collector, the flow-rate being adjusted b}' regulating 
the air pressure applied to the buffer reservoir. Flow was adjusted to a rate of approxi- 
matcl.v 20 ml./hour, and one fraction was collected ever}’ 15 minutes. Under these con¬ 
ditions, a complete elution could readily be performed overnight. Because of small varia¬ 
tions in rates of flow, the volume of the individual fractions varied slightly. 

In three experiments, the recovery of ])rotein and radioactivity from the column was 
assessed. This was i)erformcd by analysis of the area under the elution curves. In all 
instances, recovery of radioactivity and protein exceeded 90%. 

Analysis of Radioiodinated Amino Acid Content of Elided Fractions: Protein fractions 
wore precipitated from their eluting buffer with ammonium sulfate, were redissolved in 
urea-ammonium chloride solution, pH 8.5, and were subjected to tryptic hydrolysis at 
38° C for twenty-four hours. AAniolo hydrolysates were then chromatographed on AVhat- 
man No. 1 paper in both butanol-dio.xane-ammonia and butanol-acetic acid-water sys¬ 
tems, using inorganic iodide, mono- and diiodotyrosine, triiodothyronine, and thyroxine 
as carriers. Carrier substances were localized with palladium chloride, in the case of 
iodide, and with diazotized sulfanilic acid, in the case of the iodinated amino acids. 
Localization of radioiodinated amino acids was determined by radioautography and by 
scanning the chromatographic strips in a continuous-feed-strip scanner in circuit with 
a rectilinear recorder. Quantitative assessment of the radioactivity in individual peaks 
in the chromatogram was obtained by analysis of their ai’ea. 

Immunologic Techniques: Antisera against sheep thyroglobulin were prepared in three 
rabbits as follows: Solutions of thyroglobulin were suspended in Freund's adjuvant 
(light liquid paraffin, lanolin, and ground, heat-killed tubercle bacilli) to a final concen¬ 
tration of 6.25 mg./ml. Rabbits were giv'en two intramuscular injections of 1.0 ml. of 
antigen one week apart. Following a rest period of four weeks, rabbits were twice in¬ 
jected intravenously with 5 mg. of thyroglobulin as alum-precipitated protein. Antisera 
were harvested two weeks later. 

Miscellaneous Techniques: Solutions of thyroglobulin (1.3 gm.%) were electropho- 
rcsed in the 2.0 cm. cell of the Perkin-Elmer apparatus following prolonged dialysis 
against 0.05 M phosphate buffer, pH 6.8. Filter paper electrophoresis was performed in 
Whatman No. 3 paper in veronal buffer, pH 8.6, ionic strength 0.05. Spectrophoto- 
motric measurements were performed in a Unicam spectrophotometer, employing 1.0 
cm. quartz cells. Nitrogen analyses were performed by a modified micro-Kjeldah 
method. Measurements of radioactivity were carried out under conditions of constant 
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C.p.m. (xIO"’) 



Fig. 1. Gradient elution of tlij-roglobulin from multiple sheep thyroid glands, la¬ 
beled with in vitro, from DEAE-cellulose resin. See te.\t for chromatographie con¬ 
ditions. 


geometry in a well-type scintillation counter. Sufficient counts were obtained to reduce 
the probable error of counting to less than 1%. -Vnalyses for stable iodine were per¬ 
formed bj- the method of Barker, Humphrey, and Soley (12).’ I’roteins were analyzed 
for amino acid content bv the technique of )\Ioorc and Stein (13), folloning hydrol^si- 
in ON HCl. 

RESULTS 

Batch 4 consisted of thyroglobulin extracted from twelve .sheep thyroid 
glands, of which two had been allowed to accumulate tn ri(}'o during an 
incubation period of several hours. Ion e.vcliange cliromatography of Batoli 
4 produced results depicted in Figure 1. Two principal finding."- were noted. 
First, the curve of protein elution was asymmetrical, displaying a rather 
sharp peak, followed by a distinct shoulder and tail. Second, fractions as¬ 
sociated with the primal'}^ protein peak contained con.siderably more radio¬ 
activity than fractions in the shoulder and tail of the elution curve. V\ hcre- 

’ Performed by Bioscieiice Labonitories, 231 South Carmelina .\vemie. I-o- Aimeli" 
•M, California. 




114 


INGBAR, ASKONAS AND WORK 


Volume G4 


as proteins in the siioulder and tail of the elution curve contained approxi- 
matel}'' 40% of the ultraviolet absorbing moieties recovered from the 
column, they contained only 20% of the radioactivity. Calculation of the 
ratio of radioactivity to extinction at 280 m^u. for successive fractions of 
the elution curve reA'^ealed that peak ratio was achieved in the first fraction 
which contained appreciable protein. The ratio remained virtually con¬ 
stant in the next two fractions and then declined progressively, varying 
approximately seven-fold between the peak and the latest-eluting fractions. 

Consecutive fractions in the elution curve were mixed to form several 
pools (20-22, 23-25, 26-30, 31-36, 37-47) in which ultr-aviolet absorption 



ZAO 280 320 240 280 320 240 280 320 


WAVE LENGTH (m//) 

Fig. 2. Ultraviolet absori)tion Piiectra of pooled fraetions of thyroglobulin 
[roin tlio elution curve shoAvn in Figure 1. 

spectra were determined. Itesults obtained in fractions 20-22 and 37-47 
are illustrated in Figure 2. Maximum differences in absorption spectra were 
oljserved in pooled fractions from the extreme ends (20-22 and 37-47) of 
the elution curve (Fig. 2). The spectral curve shifted progressively from 
that displa 5 '-ed b}^ fractions 20-22 toward that displaj'^ed b}^ fractions 37-47 
as pools from successive portions of the elution curve were examined. Early 
fractions displajmd a distinctl}’- lesser absorption in the 250-255 and in the 
300-310 m/u. range than did fractions eluted late. Early fractions also dis- 
plaj^ed a distinctlj^ sharper absorption peak at precise!}^ 280 m/i. The spec¬ 
trum of pooled fractions 37-47 revealed a break peak which was almost 
flat between 278 and 282 m^. Differences among the various pools dimin¬ 
ished as the pH at which observations were made was increased. Maximum 
changes in absorption during change in pH occurred in the 245-255 mg. 
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ranges, were most marked when the pH was increased from 10.0 to 11..5, 
and were of greatest magnitude in pooled fractions 20-22. 

Batch 5, representing a second preparation of thjToglobulin from the 
same saline extract as that which juelded Batch 4, gave entirely identical 
results with those obtained in Batch 4, both as regards the shape of the 
elution curve for radioactivitj’’ and for protein and as regards spectral 
absorption curves. 

Pools were made of fractions in the early and in the late portion of the 
elution curve of Batch 5. These were dialyzed against 0.01 M phosphate 
buffer, pH 6.8, and were subjected to ultracentrifugal analysis (Fig. 3). 


FRACTIONS 20-22 



FRACTIONS 37-47 



Fig. 3. Ultracentrifugal analyses of pooled fractions of thyroglobulin 
from the elution curve shown in Figure 1. 


Except for a small, rapidly-sedimenting moiety in the late-eluting fractions, 
both fractions appeared homogeneous. Calculated values for S;n,w were 
19.2 and 19.7, respectively, for the early and late-eluting fractions. Xo 
moieties displaying less rapid sedimentation were seen. 

When subjected to chromatography on the DEAE-cellulose column. 
Batch 2 of unlabelled thyroglol)ulin displayed an asymmetrical elution 
curve similar to that observed with Batches 4 and 5 (Fig. 4). Fraction^ 
18-20 and 35-41 were dialyzed as .separate pools against 0.01 .1/ phosphate 
buffer, pH 8.6, and following dialysis, their absorption at 280 mp. was de¬ 
termined. Known volumes of the two pools were combined into a .-ingle 
pool which was then chromatographed on the exchange column. During 
elution, two peaks appeared, corresponding very closely to the po.-ition of 
(he fractions taken from the original elution curve, when correction wa- 
made for variation in the volume of the individual fractions. Calculated 
values revealed very good agreement between the quantity of L-^ aii- 
sorbing material recovered in each of the two peaks and the quantities ap¬ 
plied from the corresponding portions of the original elution curve. 
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Batch 6, pi-epared from a single sheep thyroid gland, labelled with 
m vivo, was chromatographed on the DEAB-cellulose column under stand¬ 
ard conditions. Results are illustrated in Figure 5. The elution pattern ob¬ 
tained was virtually identical with that seen in Batches 4 and 5. Both 
asymmetry of the protein elution curve and non-uniform labelling were 
seen. 

Differences in alisorption spectra between earl}^- and late-eluting portions 
of the curve in Batch 6 Avere the same as those described for Batches 4 and 



Fig. 4. Gracliont elution of unliibcled tlwroglobiilin from multiple sheep thyroid 
glands. Fractions in the area indicated by the two rectangles were pooled and rcchro- 
inatographcd, with the results shown in the lower elution curve. 

5, preparations AAdiicli contained thyroglobulin fj’om tlie glands of multiple 
animals. 

Tryptic hydrolysis and paper chromatogi-aphy of alternate fractions of 
the entire elution curve revealed that each fraction contained iodide, 
mono- and diiodotyrosine, th 3 a’oxine and triiodoth 5 a-onine, as well as other 
unidentified components. Among the several fractions, the relatiA^e propoi- 
tion of iodinated amino acids of each t^'^pe did not differ significant!}'. 

Stable iodine anaR'ses were performed on Fractions 21 and 31 of the 
elution curve of Batch 6. lodine/nitrogen ratios Avere 28.4 /ig./mg. in Frac¬ 
tion 21 and 26.6 /ag-Mg. in Fraction 31. Specific actiA'ity of iodme in 
Fraction 21 Avas calculated to be four times as great as that in Fraction 31. 
Similar results AA'ere obtained AA'hen iodine and nitrogen analyses weio o:> 
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tained in early- (28.7 Mg./mg.) and late-eluting (31.2 iig./mg.) fractions of 
Batch 3. 

Amino acid anabasis of earl 3 ^- and late-eluting fractions from Batch 6 
revealed small differences in the percentage composition of a number of 
amino acids (Table 1). Marked differences in two respects were observed. 
First, early eluting fractions contained considerably more valine, and 
second, late-eluting fractions contained a component which was com¬ 
pletely absent from earl 3 ^-eluting fractions. This component has been 



Fig. 5. Gradient elution of thyroglobulin from a single sliccp thyroid gland, lalielcd 
witli I'5' in vivo, from DE.A.E-celIulose resin. Chromatographie eonditions tlie .‘^ame as 
those in Figure 1. 

(entativelj- identified as a hexosamine. The content of arginine was not de¬ 
termined in earl.v-eluting fractions, as tubes containing that portion of the 
amino acid elution pattern were lost. 

Study of the immunologic complexity of the whole lliyroglobulin-anti- 
thyroglobulin system was performed by the Ouchterlony agar plate- 
diffusion technique (14). In this .system, two distinct bands were seen in 
the zone of interaction between antiserum and whole, unfractionated lli.v- 
roglobulin (the original antigen). The same two bands were found in lioth 
early- and late-eluting fivactions from Batches 3 and 6. A small band was 
also seen when antiserum was allowed to interact with sheep scrum, but 
this band was not confluent with those obtained during (he interaction 
with thvroglobulin. 
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Tabi.e 1. Aaiino acid content of eably- and date-eduting 

rUACTIONB OF OVINE TIIVHOGLOBULIN 



I 

Fractions 

18-20* 

II 

Fractions 

28-31 

Ill 

Fractions 

28-31 

A.sp.'ii'tic 

7.8 

9.0 

8.4 

Threoniiio 

4.8 

5.7 

5.3 

Serine 

7.0 

8.2 

7.0 

Glulainie 

15.1 

10.0 

15.5 

Proiiue 

7..3 

7.5 

7.0 

Glycine 

5.0 

5.3 

4.9 

Alanine 

0.5 

0.0 

5.5 

C.vstine 

1.1 

0.9 

0.8 

Valine 

9.5 

5.7 

5.3 

Metliionine 

1.2 

1 .2 

1.1 

Lsoleueine 

2.0 

2.0 

2.4 

Leucine 

11.7 

10.8 

10.1 

Ile.xos.aniine 

0.0 

1.9 

1.8 

Tyrosine 

3.3 

3.2 

3.0 

Phenylalanine 

7.8 

7.0 

0.5 

Lysine 

4.2 

3.5 

3.2 

Ammonia 

2.2 

2.5 

2.3 

Histidine 

2.4 

2.4 

2.2 

Arginine 

— 

— 

I'.l 


* Tubes of Afooro and Stein effluent containing arginine lost. Tlierefore, for purposes of 
comparison to each other, values in fractions 18-20 and 28-31 (Columns I and II) calculated 
on basis of content, exclusive of arginine. For purposc.s of comparison with other values in 
the literaturoj Column III presents values for fractions 28-31, including arginine. 


DISCUSSION 

The initial observation of inhomogeneity and non-uniform labeling in 
the thyroglobulin extracted from a pool containing the glands of several 
animals suggested that, despite its electrophoretic homogeneit}'-, this prep¬ 
aration might be contaminated with another protein Avhich was labeled 
little, if at all. This possibility seemed to be excluded by the ultracentrif¬ 
ugal experiments. These demonstrated that pools of both highly-labeled 
and slightly-labeled fractions had similar sedimentation constants, both 
being in the characteristic range for whole thyroglobulin (6, 8, 9). Even if 
it had contained no radioiodine at all, the small rapidly-sedimenting moiety 
found in the slightlj^-labeled fractions could not, by virtue of its low con¬ 
centration, have accounted for the low ratio of these fractions. 

Ultracentrifugal observations also served to exclude partial denaturation 
or hydrolysis of the protein as the cause of the apparent inhomogeneity, 
since neitlier pool displayed the characteristic alterations in sedimentation 
behavior which occur under these conditions (15, 16). 

Further possible explanations were assessed in experiments performed 
with thyroglobulin prepared from a single sheep gland labeled in vivo. The 
striking similarity between the elution curves in this preparation and in 
thyroglobulin prepared from multiple glands served to exclude animal to 

animal variation as a source of inhomogeneity. _ 

Another possibility was as.sessed by means of the material labeled vi invo. 
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It has been reported that during in vitro incubation of thyroid slices in 
media containing inorganic P®', the principal radioiodinated products are 
iodotyrosines, while iodothyronines are labeled little if at all (17). Possibly, 
preparations of thju-oglobulin might contain a mixture of proteins, similar 
in most respects, but varying markedly in their relative content of iodo¬ 
tyrosines and iodotlwronines. In tissue labeled in vitro, proteins rich in 
iodotyrosines would therefore be much more highly labeled than proteins 
containing predominantly iodothyronines. Furthermore, the pK’s of the 
iodotyrosines are higher than those of the iodothyronines and proteins 
rich in the former might be expected to elute from the column at a higher 
pH, i.e., earlier in the elution curve. These considerations might explain 
the findings obtained during chromatography of thjToglobulin lalmled 
in vitro. 

During in vivo labeling, radioiodinated thyroxine and triiodothyronine 
were formed. It was possible to demonstrate b}" paper chromatography 
that the fractions obtained throughout the elution curve all contained iodo¬ 
tyrosines and iodothyronines in approximate!}’ the same proportions. Tliis 
did not prove conclusive!}’’, however, that the stable iodinated amino acids 
in all fractions were quantitatively and qualitatively the same, since the 
radioactive components found in late-eluting fractions may merely have 
been portions of the early-eluting fractions which trailed off tlie column. 
Nevertheless, I‘-VN I'atios in the two extremes of the elution curve were 
virtually identical, indicating that, whatever their chemical nature, iodi¬ 
nated moieties in the late-eluting fractions were turning over very slowly. 

It also seemed possible that the curve of protein elution might represent 
tlie behavior of a single species of protein, and that the asymmetry oli- 
served was merely a function of the chromatographic system. This possi¬ 
bility was rendered unlikely by experiments performed with unlabeled 
thyroglobulin. Batch 3. Fractions from the two e.xtremes of the elution 
curve were pooled and rechromatographed. During rechromatography, two 
peaks wei-e obtained. Had asymmetry of the elution pattern resulted 
merely from trailing of a homogeneous protein, a single, a.symmetrical 
peak, similar to the first, would have been expected during rechromatogra¬ 
phy. The appearance of two peaks, however, suggested the presence of two 
distinct groups of components, chromatographing independently. 

This experiment, employing unlabeled thyroglobulin, further indicated 
(Iiat the asymmetry observed in previous experiments could not be ex¬ 
plained by radiation damage to the protein. 

As a final criterion of heterogeneity, amino acid analyses were performed 
on fractions from the e.xtreme portions of the elution curve of thyroglobulin 
from a single gland (Batch 6). Since hydrolysis of protein was carried out 
in GN HCl, analyses for tryptophane could not be obtained. Small differ¬ 
ences in the percentage eompo.sition of a number of other amino acid- were 
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seen, and striking differences were found in tlie content of valine and of 
anothei- component; probab]}' a liexosamine. Tlie latter component was 
found only in the late-eluting fractions. In general, values for the A^arious 
amino acids in both groups of proteins agreed well Avith those preAdously 
reported for tJie tli.yroglobulins of other species, studied by a number of 
diffei’ent techniques (9, IS). One possible disci-epancy betAA^een the present 
values and those reported earlier was found in the case of arginine. This 
has lAeen reported to be the preponderant amino acid in thyroglobulin, 
values as high as 12.7% liaAong been noted (9). In the present study, ar¬ 
ginine constituted but 7% by Aveight of the proteins in the late-eluting 
fractions. Unfortunatel.y, loss of the appropriate samples prcAmnted anal¬ 
ysis for arginine in the earliei- fractions. It is apparent, hoAveAmr, that the 
arginine content of tliese fi'actions AA'Ould necessarily haAm been A^ery high 
in order for the average arginine content of the entire batch to have been 
12%. Alternatively, the Ioav arginine content of the late-eluting fi-actions 
might be explained bj^ tlie relative resistance of some of the arginine bonds 
in th 3 n'oglobulin to acid hj'drolj^sis (19). A further difference betAA^een the 
present and previously noted values Avas seen in the content of valine. 
Present values of from 5.7 to 9.5%, obtained in the sheep, are far higher 
than those reported for the porcine protein (9). 

Considej-ed togcthej’, the pj'esent observations thus indicate that eveJA 
AAuthin the thyroid gland of a single animal, th3U-oglobulin is not entirely 
homogeneous, but rather ma 3 ' be a complex mixture of closely related 
proteins.^ Preliminaiy studies have revealed similar comp]exit 3 ^ in th 3 n-o- 
globulin extracted from human material (20). The precise relationship of 
the present findings to the earlier demonstration that th 3 n-oglobulin ap¬ 
pears to be composed of three moieties, as judged b 3 ' solubiIit 3 ’’ character¬ 
istics, remains unclear. Altliough many of the observations herein pre¬ 
sented AA^ere made in fractions expected to displa 3 ^ maximum differences, it 
seems likely that betAA^een these extremes there lies a spectrum of closely 
related proteins. It is noteAAmrth 3 '^ that the present techniques, although 
effective in separating these moieties at least partiall 3 ’, did not resolve the 
apparent immunological complexit 3 " herein demonstrated for sheep thyro¬ 
globulin, and preAuousb^ noted in liuman material (21). 

The ph 3 "siological significance of these findings is obscure. HcAA^eAmr, one 
possible explanation for heterogeneit 3 '' of th 3 '’roglobulin arises from the ob¬ 
servation that AAOthin a single th3n*oid gland, individual follicles may sIioaa’ 
differing degrees of activity (22, 23). It seems possible, therefore, that the 
different tlDwoglobulins noted in the present study may be the products of 
follicles of A''arying function. Extension of studies to include the thyro- 

^ Attempts to correlate the chromatographic behaAfor of the various fractions witli 
their amino acid and carbohydrate contents, and with their spectral absorption curves, 
arc beyond the scope of the present communication, and Avill be presented elcscwherc. 
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globulin of normal and abnormal human or animal glands might clarify 
this relationship. In addition, the function, if any, of protein-bound carbo- 
h 3 ^drate, including hexosamine, in which the thj’roid gland is relati^'eh' 
rich (18, 23-25), seems to merit attention, especially since hexosamine was 
found onb^ in fractions of thyroglobulin whose iodine was turning over 
slowly. 

Finally, it is of interest that differences in rates of iodination are accom¬ 
panied by variations in the chemical composition or configuration of thyro¬ 
globulin. Recent studies suggest that the synthesis of iodinated amino 
acids in vivo cannot be divorced from the sjmthesis of thyroidal protein, 
and that the two processes are either I’elated, or at least occur pari passu 
(20). Relevant to these observations, is the demonstration of abnormal 
iodoproteins in the plasma of some patients wdth th^Toidal carcinoma 
(26), congenital goiter (27), or adult non-toxic goiter (28). Almormal 
thju’oglobulins have also been found in carcinomatous thj'roid tissue (29) 
In these abnormal proteins, hormonall}' active iodinated amino acids are 
not found. Thus, the relation between abnormal protein synthesis and dis¬ 
ordered hormonal biogenesis wmuld seem to merit further investigation. 
Such studies are now in progress. 
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THE EFFECT OF VARIOUS THYROXINE ANALOGUES ON 
SUPPRESSION OF UPTAKE BY THE RAT THYROID' 
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FELDMAN and RULON W. RAWSON 

Sloan-Kettering Institute jor Cancer Research of the Memorial Center, 

New York, New York a7id the Warner-Lambert Research Institute, 

Morris Plai)is, New Jersey 

ABSTRACT 

Forty-five different thyroxine analogues have been compared to Z-thyro\ino 
for their abilitj’ to decrease the thj'roid collection of I'®' in the rat. On a weight 
basis only 3,5,3'-triiodo-f-thyronine was found more effective than f-thvro\ine. 
Compounds containing iodine were all capable of producing some inhibition 
providing the dosage was adequate. 

T he dose of thyroid hormone, tvithin limits, can be directly related to 
thyroidal uptake of in experimental animals. This method ha.s 
been used in the present report to assay the relative effectiveness of thyrox¬ 
ine analogues in blocking uptake of radioiodine in rats. 

METHODS AND MATERIALS 

Approximately 2,500 male rats of the Spraguc-Dawicy strain (Charlcs-Rivcr Rrcc'd- 
ing Laboratories, Boston, Massachusetts) ranging in weight between 75-125 gm. acre 
used in this study. They were selected so that the average body weight of each group 
was essentially identical within each separate experiment. .\t the start of each stinh 
animals were placed on a low iodine diet (1) and given 0.1% thiouracil in drinkniK 
water. After 5 da3-s of this treatment the water containing thiouracil was replaced vith 
ordinarj’ tap water which was continued to the termination of the experiment T\\ent\- 
four hours after the thiouracil was stopped, dailv subcutaneous injection', of the te-t 
analogues were started. These were administered for 5 daj-s and 24 hour'- after the l.i-t 
injection all animals were given a single intraperitoneal injection of 0.1 ge of 1"* Tin -e 
animals along with a control group of a similar number of uninjected i.it' and a group 
maintained on regular laboratorj' diet were autopsied 24 hours after the adimm'-tratam 
of I”'. At autops.v the thj'roids were removed, dissected free of extraueou' ti'-'iic, neight il 
on a Roller-Smith balance and placed in 5 cc. vials containing a 'tandard volume of 
Boilin’.? .solution. Radioactivit.v was determined using a wcll-t.vpc --i intillation couutei 
and the thyroid uptake of I'”' calculated using an appropriate standard. 

In any given experiment 3 doses of each analogue (dissolved as jireviously tle-i i •! 
(2) and injected in a volume of 1 cc.) were assaj-cd with 5-10 animal' per grouji ' 
eulations for relative potency compared with l-th,vroxine were made as follow'. .Vttui 
ilata obtained from an assay were plotted on semi-log paper and the do-c of the aiialogin' 

' This inve.stigation was supported in part by grants-ln-aid (EDC-20C. P-.'ifl. I’-sU 
from the .Vmcricau Cancer Society'. It also received sujiport in part from a rc'carch grant 
(C-2052) from the Xatioiial Cancer Institute, Public Health .’Service aiul the .\tnmic 
Energy Commission under contract No. AT(30-1)-910. Presented at the 19-5'? Meeting 
of the American Goiter .\ssociation. 
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1. Rei.ative imiibitorv activitv (R.A.) op various analogues 

IN BLOCKING UPTAKE OF 1'='* BY THE RAT TIIYROID 


Coinpoiiiul 

1-tliyroxino 

cl-thyroxiiie 

(il-thyroxine 

:i,5,3',5'-tetr!ieh}oro-d]-thyyoi}ino 

.■l,5,3'-liiiodo-l-thyronine 

3,3',5'-triioclo-dl-thyronino 

3,5-diiodo-l-thyi'onine 

3,3'-diiodo-dl-ihyronine 

3-iodo-dl-thyronine 

l-nitro-5-(3,5-dini(rotliyroinethyl('iu') 

hydantoin, methyl ether 


Thyronine series 


Butyric series 

3,5,3',5'-tefraiodothyrol)utyne acid 
3,5,3'-triiodothyroInifyric acid 
3,5-diiodolliyi'obiityi'ic acid 

Acrylic series 

3,5,3',5'-tetraiodothyroacrylic acid 


Propionic series 

3,5,3',5'-tetraiodothyroi)ropionic acid 
3,5,3 '-triiodotliyropropionic acid 
3,3',5'-triiodothyropropioiiic acid 

3.5- diiodothyropropioiiic acid 

3.5- diiodothyromethylmalouic acid, methyl ether, diethyl ester 
3,3'-diiodothyropropionic acid 

3-iodothyropropionic acid, methyl ether 
3-aminothyropropionic acid 
3-aminothyropropionic acid, methyl ether 
3-aminothyroproi3ionic acid, methyl ether, ethyl ester 

3.5- diaminoth3'rometliyhnalonic acid, meth.yl ether, (iiefhjd ester 
3-nitrothyroacrylic acid, methyl ether 
3-nitrothyroacrylic acid, methyl ether, ethjd ester 

3.5- dinitrothj'romethyletiemaloinc acid, meth.vl ether, diethyl ester 


Acetic scries 

3,5,3',5'-tetraiodothyroacetic acid 
3,5,3'-triiodothj'roacetic acid 
3,3',5'-triiodoth}'roacetic acid 
3,5,3'-triiodothju-oacetic acid, meth.vl ether 

3.5- diiodothyroacetic acid 

3.5- diiodoth3'roacetic acid, meth.vl ether 
3,3'-diiodothyroacetic acid 
3-iodothj’roacetic acid 

3.5- diaminoth.yroacetic acid, meth.vl ether 

3.5- dinitrothju'oacetic acid, meth.vl ether 

3,5,3'-trinitrothju’oacetie acid, meth.vl ether, eth.vl ester 

Formic series 

3,5,3',5'-tetraiodothju'oformic acid 
3,5,3 '-triiodoth.vroformie acid 

3.5- diiodothyroformic acid, methyl ether, methjd ester 
3,5,3'-triaminothyroformic acid, meth.vl ether, methj’l ester 

3.5- diamiiioth.vroformic acid, meth.vl ether, meth.vl ester 

3 . 5 - dinitroth. 3 a'oformic acid, meth.vl ether 

3.5- dinitrothyroformic acid, methyl ether, methjd ester 


RA 

100 

50 

40 

<1.5 

300 

76 

37 

100 

50 

<3 


30 

75 

00 


50 


GO 

GO 

50 

16 

20 

25 

17 

Inactive 

<0.3 

Inactive 

Inactive 

<1.5 

Inactive 

<1.5 


75 

75 

15 

37 

18 

50 

25 

33 

7.5 

Inactive 

Inactive 


10 

15 

15 

Inactive 

Inactive 

Inactive 

Inactive 


necessary to produce a control (untreated animals on regular diet) uptake of radioiodinc 
read off from the graph. The dose of /-thyroxine necessary to produce this effect was 
consistently between 10 and 15 pg. This figure was arbitrarily assigned a value of 100, 
and calculations were made for the analogues to give a relative potency in terms of 
/-thyroxine. These values are shown in Table 1. A compound showing no ability to lower 
uptake even in doses of 500 pg. daily is reported as inactir e. 
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RESULTS AND DISCUSSIOX 

The data in Table 1 were obtained using 46 different compounds. I^Iost 
of these compounds were also tested at the same time for their abilit 3 - to 
produce metamorphosis of the tadpole as has been reported (2). Similarly-, 
the determination of the antigoitrogenic and calorigenic activities of the 
analogues have been determined in rats. These latter studie.s are reported 
in the present issue of Endocrinology. The reader maj' find the structural 
formulae of the compounds in Table 1 bj' referring to the paper of Sla.-^illi 
ct al. 

It is apparent from Table 1 that under the conditions used onl}* ,3,5,.3'- 
triiodo-f-tlijn-onine is more effective on a weight l^asis than f-th^-roxine in 
blocking the uptake of bj”^ the rat thju-oid. Whether other compounds 
would prove to be more effective at times other than 24 hours after was 
not determined. It is of interest that onh' one analogue showed the same 
relative inhibitorj' aetivitj' as Z-thj'roxine. 

It seems rather unlikelj’- that the number of atoms of iodine in the mole¬ 
cule is the chief factor involved in blocking thjToidal I‘^’ collection. For 
example, d-thjn-oxine appears to be onlj’ one-half as effective as the f-isomer 
while d-i-thjn-oxine is no more active than tlie d-form. In the triiodinated 
compounds, as was found in tadpole metamorphosis (2), in general the 
3,5,3'-analogues appear to be somewhat more effective than the 3,3',5' 
compounds. All analogues which contained iodine manifested various de¬ 
grees of inhibitorj'^ effect on the uptake of 1’^* when given in adequate 
doses. On the other hand few non-halogen containing compounds showed 
evidence of inhibitor}' activitj'. 

Other studies (2, 3) have pointed out the difficulties encountered in 
studies using thj'roxine analogues. The major problems in olrtaining valid 
data are the purity and stability of the compounds. The latter problem 
has been considered (3) in some detail and was realized when the present 
studies were done. However, as has been pointed out (3) degradation of 
some of these compounds does occur. How much and in what way the 
present results maj' have been altered bj' this degradation is at present not 
certain. 

Acknotvicdgjncnis 
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Virginia Freyclberg for assistance in these studies. 
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THE IN VITRO METABOLISM OF THYROXINE, TRIIODO¬ 
THYRONINE AND THEIR ACETIC AND 
PROPIONIC ACID ANALOGUES' 

E. YAMAZAKI and D. W. SLINGERLAND 

Radioisotope and Medical Services, Boston Veterans Administration Hospital, and 
the Tufts University School of Medicine, Boston, Massachusetts 

ABSTRACT 

Tho metnbolism of thyroxine, triiodothj'ronine and tlieir acetic and propionic 
acid analogues lias been studied by placing these P” labelled substrates in 
buffered medium witii or without added tissue. Spleen, kidney and liver slices, 
homogenates and fractions of homogenates were used. Samples of medium 
and/or homogenized slices, usually after three hours’ incubation at 37° C, were 
chromatographed and quantitated by strip counting. The only product of 
deiodination detected was iodide. When thyroxine endogenous^' labelled with 
1'’" was used, no 3, 5 diiodothyronine or other partially deiodinated thyronines 
or derivatives were formed, although activity was low and small amounts of 
other products could not be ruled out. Deiodination was inhibited by a nitrogen 
atmosphere, boiling, heavy metals, cyanide, 2 methyl 1, 4 naphthoquinone, 
a chelating agent (Versene), and estrogenic substances. No antitIi 3 'roid sub¬ 
stances, including iodide and propylthiouracil, had any effect; iodinated tyro¬ 
sines and organic iodine compounds had no effect. All tetra and tri iodinated 
tliyronines inhibited the deiodination of otJier tetra and tri iodinated thj'- 
ronincs, often commensurate with the degree of their own deiodination. Only 
one iodinated compound, other than these, was an effective inhibitor: N-butyl 
para h.vdroxj' diiodol)cnzoatc. 

/ A VIVO and in vitro studies of th3U'oxine and triiodoth3U’onine have 
indicated several pathwa3’’s of metabolism involving deiodination, de- 
carbox3dation and deamination. Gross and Leblond ( 1 ) gave th3n’oxine 
labelled with to th3U'oidectomized mice and found radiotriiodoth3U'o- 
nine (unknown 1 ) in the organs. The conversion of th3U’Oxine to triiodo- 
th3'ronine b3^ kidne3^ slices has been demonstrated ( 2 ), although the chro¬ 
ma ographic differentiation of triiodoth3'ronine from the acetic or propi¬ 
onic acid analogue of th3a'oxine has been questioned ( 3 ). Deiodination of 
radioth3u-oxine and radiotriiodoth3a'onine b3'' rat skeletal muscle homog¬ 
enates ( 4 ) resulted in the formation of radioiodide and small amounts of 
other unidentified products; whereas, rat brain homogenates ( 3 ) formed 
significant amounts of the acetic and/or propionic acid analogues in addi¬ 
tion to iodide, and, occasionally, small amounts of triiodotlyu'onine. Rat 
kidne 3 ’' homogenate and mitochondria incubated with radioth 3 U'Oxine did 
not result in the formation of triiodoth3''ronine or iodide but rather in the 
acetic acid analogue ( 5 ). Similar studies with radiotriiodothyronine indi¬ 
cated that the acetic acid analogue was the product formed ( 5 ). Roche ( 6 ) 

' Presented at the 1958 Meeting of the American Goiter Association. 
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d ah have demonstrated that the kidneys of thyroidectomized rats treated 
with radiotriiodothyronine contain radiotriiodothyroacetic acid and (7, 
8) that the pyruvic acid analogues are found in the urine and bile after the 
injection of radiothyroxine and radiotriiodothyronine. Taurog d al. (9) 
have indicated that conjugation of thyroxine with glucuronic acid occurs 
in the presence of liver slices. 

Tissue deiodinating systems (2, 4) were inhibited by boiling. Anaerolhc 
conditions (.3, 4) did not affect the results but cyanide (2, 3), iodide, (2) 
and mercuric chloride (3) were effective inhibitors. 

The present study on the metabolism by tissue preparations of thyroxine 
and triiodothyronine attempts to clarify the products formed, the effect of 
various substances added to the medium with particular emphasis on 
compounds known to affect the thyroid, enzyme inhibitors and other 
iodinated compounds, and the specificity of the enzyme system responsiljle 
for deiodination. 

METHOD 

Livers, spleens, muscle and kidneys were obtained from normal Spraguc-Dawley male 
rats (200-250 gm.) killed by ether. Slices were cut freehand (0.5-1.5 mm.) and placed 
(200-300 mg.) in 2 ml. of modified Krebs-Ringer-jdiosphate solution (CaCIj SXlO'hl/) 
at pH 7.4 to which 2-3 pc. of labelled (as obtained from .Vbbott Labs) /-thyroxine, 
1-3,5,3' triiodothyronine, tetraiodothyroacetic or propionic acid, 1-3,5.3' triiodothyro- 
acetic or propionic acid had been added. The tubes were incubated at 37° C with con¬ 
stant shaking for 3 hours. Substrate concentrations of 2.6XlO“‘.l/ to S.GXIO'-.U were 
obtained by adding the appropriate amount of carrier. Homogenates were similarly 
treated. Fractionation of tissue homogenized in 0.25.17 sucrose solution was accomplished 
by differential centrifug.ation (modified Hageboom). The following fractions, in a con¬ 
centration of 400 mg. of tissue per 4 ml. were then treated as above: whole homogenate, 
nuclei and debris, mitochondria, microsomes, supernatant and a combination of mito- 
chrondria, microsomes and supernatant. .Vfter incubation (slices were homogenized) an 
aliquot (20X) was placed on paper and chromatographed in t-amyl alcohol saturated 
with 2 iYNH 40 H (descending) and/or n-butanol-acetic acid-water (78-10-12). In several 
experiments the five solvent systems noted below were used. Known carrier spots- were 
identified with ninhydrin or ceric svilfatc-arscnious acid. The strips were e\i)oscd to x-ray 
film and counted on a strip counter (Nuclear-Chicago). Planimeter measurements were 
made for quantitation. 

Thyroxine labelled endogenously with radioiodinc was obtained by feeding rats pro¬ 
pylthiouracil (0.3%) for 4 days and discontinuing it IS hours prior to injecting 100 pc. 
of radioiodinc. Twentv-four hours later the rats were sacrificed, thyroid glamls removed, 
homogenized, hydrolyzed by iiancreatin for 24 hours in K-R-P at pH 7.4 ami extracted 
w'ith butanol saturated with acidified water (pH 3,5). The extract was then evaporated, 
rcdissolved in a small amount of butanol and chromatographed in t-amyl alcohol satu¬ 
rated with 2N NHiOH. The radio-thyroxine spot was eluted with butanol and aeiihfied 
W’ater, evajjorated to dryness and rcdissolved in 50% propylene glycol. The iodine con¬ 
tent of this material was 10“".17 as determined by a modified Parker teehoKitie. .Vn 
aliquot of this endogenously labelled radiothyroxine was added to tube' with rat liv.-r 
slices. .\t G hours a sainide of the medium was placed on paper, the tissue wa- liomose- 

' Thyroxine, 3,5,3' triiodothyronine, and the propionic and acidic acid anali'ane- were 
kindly sujiiilicd by Dr. Michael Barry of Warner-Chileutt Laboratorie-. 
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iiizcd !in(l on pnijor directly or extracted witli butanol and acidified water. The 

extract wa.s evaporated to dryne.ss and rcdissoivcd in 0.5 cc. butanol and acidified water. 
Five .solvent .sy.steni.s were irsed for cliromatograpli 3 -; t-amyl alcohol-ammonium hy¬ 
droxide, butanol-flioxane-ammonium hydroxide, collidinc-water in an atmosphere of 
ammonia, butanol-aeetie aeid-water and biitanol-cthanol-ammonium hydroxide. In one 
experiment the rats were injected with radioiodinc without prior treatment with propyl- 
thiouiaeil. Aftc'r incubation with [lancrcatin, the medium was diroctl,y chromatographed 
without extraction and the areas of thyro.xine and triiodothyronine were cut out and 
placed diieetlj in the control or liver tubes. At 4 hours the medium was placed on paper. 


RESULTS 

Deiodinalwn oj (hyroxme and Iniodolhyromnc and Ihc products formed 

Tlic major jDortion of deiodiiiation occuri’ed witliin fcliree hours and onl}^ 
minor clianges occurred iliereafter. Tempei-atures of 5° C completely in¬ 
hibited and 50° C and 70° C reduced the amount of deiodination; 37° C 


T.\ni,K 1. DuioniNATfox or r.-Tiivno.xi.xK .\xd i>-5,5,.‘1'-TniroDOTirYnoxrxE by bat liver, 
KIDNEY, and SIM.EEN SI.ICES (250 .MO./3 CC.) INCUBATED FOR 3 HOURS 


! 

L-tli.vroxine 7.6X10~’M* 

Ij-3,5,3 

'-triiodotfiju-oninc 

2X10-LM 

% (otiil distributed as 

[ % total distributed as 

1 T4 

1 • • 

I- 

Of 

T3 

I- 

0 

Control 

so.o 

9.2 

10.2 

95.5 ' 

3.0 

0.9 

Liver 

.35.-1 

.54.0 

10.0 

05.7 

27.7 

0.6 

Spleen 

04.0 

28.9 

0.5 

SO.O 

10.5 

2.9 

Kidney (Cortex) 

4-1.3 

50.0 

0. / 

04.0 

30.7 

5.3 


* Note (hat eoneeiitration of T-1 is 35XT3. 

t Represents radioactivity staying at the origin in t-amyl alcohol saturated with 2>. 
NII40II. In occasional experiments there were (races of unknowns and material at the 
front. 


.seemed to be optimal. Table 1 illustrates the degree of deiodination of 
thyroxine and triiodothyronine when incubated with liver, spleen, or kid¬ 
ney slices. Liver and kidney (and muscle) were active whereas spleen was 
only slightly active. At three hours there was more deiodination of thyrox¬ 
ine than triiodothyronine (Table 1), indicating that thyroxine was more 
rapidly deiodinated. 

Iodide, released from the deiodination of thyroxine and triiodothyronine, 
was present in the medium. Small amounts of material travelling at the 
front were not considered significant. As much as 10% (and, on one occa¬ 
sion, 20%) of the total radioactivity remained at the origin on chromatog¬ 
raphy. Although small amounts .stayed at the origin from tubes without 
tissue, the amount at the origin increased markedly in the presence of tis¬ 
sue. This was presumabl}^ iodinated protein or thyroxine and protein com- 
plexed so as to be insoluble in t-am 3 d alcohol, though it was not hydrolyzed 
and rechromatographed. Unidentified compounds occurred sporadically, 
the most frequent one having an Rr, in t-amyl-ammonium hydroxide, be¬ 
tween those of iodide and thyroxine. This unidentified material was present 
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in the control tulDes and diminished markedh’ after incubation with liver 
slices. When butanol-ethanol-ammonium hydroxide was used as a solvent, 
a radioactive spot just above the origin often appeared after incubation. 
Since this spot also appeared when radioactive iodine alone was chromato¬ 
graphed, it was felt to be an oxidized derivative of iodide. In some in¬ 
stances, chromatography of thyroxine labelled with radioiodine (Abbott) 
and incubated in control tubes for three hours without tissue would result 
in six distinct spots in t-amyl alcohol-2N NH4OH while only two distinct 
spots (iodide and thju-oxine) were noted in butanol-ethanol-2N XH,OH. 
These spots of unknown compounds were all diminished in amount when 
tlie thyroxine was incubated with liver slices. A question arises as to 
whether these various spots represent compounds originally presejit or 
factitiously produced by the action of t-amyl alcohol. It is of interest that 


Table 2. Activity of liver fractioxs in deioijination of l-tiivromne 



j L-thyroxine 2.0 X 10'®M 

Tissue 

% of total distrilnitcd as 


T-t 

I- 1 

0 

Slices 

45.8 

1 

84.2 1 

20.0 

Ilomogcniite 

41 .0 


47.3 

11.7 

Nuclei ami cloliris 

04.8 

! 

24.1 1 

11 1 

Mitochoiulria 

3<).0 


42.7 

18.8 

Microsomes ! 

74.0 


20.8 1 

4.8 

Supernatant fluid 

58.8 


2!). 7 i 

12.0 

Mitochondria, microsoines and .supernatant I 

82.2 


50.0 

11.8 

Control 1 

75.‘2 


10.2 

8.0 


carrier thyroxine is more difficult to demonstrate by ninhydrin stain after 
chromatography with t-amyl alcohol solvent than with butanol-cthanol- 
ammonium hydroxide. 

Localization of deiodinaiioii and (he e,(J'ccls of anacrohiosis aitd boiliiaj 

Slices, homogenate, mitochondria, and the comlnnation of mitochondria, 
microsomes and supernant were all active in tlie deiodination of thyroxine 
(Table 2). Nuclei and deljris, microsomes and supernatant fluid were mucli 
less active indicating that the mitochondria was tlie most active of the cell 
fractions. Anaerobic conditions inhiliited the deiodination of thyroxine by 
.dices and mitochondria and of triiodothyronine by .slices. Boiling ten min¬ 
utes markedly reduced the deiodination of thyroxine by slices and mito¬ 
chondria and of triiodothyronine by slices. Thirty minutes boiling of the 
homogenate did not affect the deiodination of thyroxine or triiodotliyro- 
nine, although sixty minutes of iioiiing inhibited to a moderate extent. 

Effcd of substrate couceutration 

Increasing the concentration of /-tliyroxine and /-triiodothyronine above 
physiological levels markedly reduced the per cent of radioactive material 
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cleiodinatecl b.y slices and homofrenates. At 10-'^ M the per cent deiodinated 
of boll) is so low as to be immeasurable. At 10“’ M thja'oxine is 80-90% 
deiodinated. Triiodothyronine at 10-« M is only 50% deiodinated. There 
is, then a marked difference between the quantity of thyroxine and tri¬ 
iodothyronine which can be deiodinated by liver slices or homogenates 
during an equal period of time. 


Inhibit ion by variovs compounds of dciodination 

Tlie dciodination of thyroxine and triiodothyronine by liver slices and 
Jiomogcnates is mai-kcdlj’ inliibilcd by mercuric chloride and n-biityl 
pai-ahydroxy, 3,5-diiodobcn2oate (BHDB) (Table 3). Deiodination by 
mitochondi-ia is not, however, affected by BHDB (Table 3). Less marked, 
but definite, ivas the inhibition by other beaiy metals (cupric chloride, 
cobaltous sulfate), some phenols (resorcinol, estradiol), a quinone (2- 
methyl l,d-naphthoquinone), a chelating agent (ethylene diamine tetra 
acetic acid), and an oxidative enzjune inhibitor (sodium cyanide, not 
charted). The results with li.ydroquinone and silver nitrate were difficult 
to interpret due to their effect on the chromatographic characteristics of 
iodine compounds (10). The estrogenic substances, estrone and estradiol, 
were effective inhibitors whereas corticosterone, hydrocortisone, desoxy- 
corticosterone, testosterone and progesterone were ineffectii^e. Eeserpine 
and thyronine had no effect. Sodium azide may have had a slight inhibi¬ 
tory effect but the following compounds had no effect: compounds which 
affect thyroid function (iodide, Tapazole, propylthiouracil, sulfanilamide, 
potassium thiocyanate), other iodinated compounds (iodide, monoiodo- 
tyrosine, diiodotyrosine, 3,5-diiodofhyronine, Teridax,® Priodax,^ Tele- 
paque'’), a specific sulflij^dr}'! gi-oup inhibitor (parachloromercuribenzoate). 

The dciodination of acetic and propionic acid analogues of thyroxine and tri¬ 
iodothyronine 

The deiodination of the acetic acid analogues of thyroxine and triiodo¬ 
thyronine (about 0-10%) by liver slices (Fig. 1) or muscle homogenates 
(Table 4) was much less than the deiodination of thyroxine (about 75- 
90%) and probably less than the deiodination of triiodotlijannine (about 
30%). The deiodination of propionic acid analogues of th 3 a'oxine and tii- 
iodothyronine (30-45%) by liver slices (Fig. 1), though less than the 
deiodination of tlDmoxine (80%), ivas about the same as triiodothyronine, 
whereas deiodination of propionic acid analogues by liver and muscle 
homogenates (Table 4) was about the same as the acetic acid analogues. It 
is of interest that triiodothju’opropionic acid was slightlj^ more deiodinated 
than tetriiodotlDwopropionic acid (Fig. 1), the only triiodo form of thyro- 


3 j8(5-hydroxy 2,4,6 triiodoplieindl-a-ctlijd propionic acid. 
■* /?(4-]iydro.\'y 3,5 diiodophenj'O-a-phcnyl propionic acid. 
/3(3-amino 2,4,6 triiodophenyh-a-ethyl propionic acid. 



'I'aDI.K 3. DkIODIN'ATION of L-TIIYUOXINK AN'I) l-3,5,3'-TniIODOTirA'RONIXE BY RAT I.IVBR IN THE PRESENCE OF VARIOUS SUBSTANCES AT 10~^i\[ 
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ii-l)u(yl piir.'iliydroxy 3,5 diiodobcnzoate. 
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HOURS of INCUBATION 


Pig. 1. The dciodiniition of the acetic 
and jjropionic acid analogues of thjmvine 
and triiorlothymnine (10'^ J/) hj'rat liver 
slices. The same subscript numbers indi¬ 
cate the .same experiment. A different e.\- 
periment (Table IV) indicated that there 
was slight dciodination of the acetic acid 
analogues. 


nine studied to he deiodinnted at least as easi]_y and rapidly as the ietra- 
iodo foi'm. 

Tahibilio)! of (Iciodinalioii by other iocHnated thyronines and the acid ana- 
loyiics 

lahle 5 indicates that the dciodination of I'adiotJyyroxine and radiotri- 
iodothyronine was inhii)ited by 10“’’ il/ can-ier thyroxijie, triiodothyronine, 
and their acetic and propionic acid analogues. TJie deiodination of thyrox¬ 
ine was inhibited, in order of decreasing magnitude, lyy tli^’roxine, tri¬ 
iodothyronine, propionic acid analogues and acetic acid analogues. Tri¬ 
iodothyronine was inhibited about equally b.y all the iodinated thyronines 
tested though possibly less by the acetic and propionic acid analogues of 
thyroxine. 


3h\B;.K I. DunnAUATK);V (M- i.-ruvnoxixE, TUTn.MouoTUvniU’noi'joxic axu acetic acius, 
ANU TnnoiMITUYnoi’UOl'KlMC AND acetic acids by bat I.IVEn AND AIUSCI.E HO.MOGENATE 



% total tliyroxinc 10 *M 
distributed us 

% total thyro.xine ]0“®M 
distributed as 


T4 

I- 

0 

T4 

1- 

0 

Control 


2.1 

0 

80.0 

IG.C 

2.8 

Liver 

47.4 

42. i? 

9.7 

-- 

— 

— 

Miisrio 

;n .5 

05.5 

3.0 

10.8 

1 80.2 

8.9 


% total tetruiodotin'rojiropionic acid 

% total tetraiodothyroacotio acid 


10-^ 

distributed a.s 

10-' 

*M distributed as 


T3PA 

1“ 

0 

T4AC 

! I- 

0 

Control 1 

!)4. D 1 

5.1 

! 0 

92.8 

7.1 j 

+ 

Liver i 

8!). 1 

9.9 

i 1 

1 - 

— 

— 

Mii.sclc 

83.8 

14.7 

1 1.5 

1 83.4 

13.5 j 

3.2 


% total triiodothvropropionic acid 

% total triiodothyroacotic acid 


io-« 

M distributed as 

10~®M distributed as 


! T4PA 

I- 

0 

T3AC 

I- 

0 

Control 

: 91.2 

8.3 

0.5 

95.4 

4.0 

0 

Liver 

82..3 

15.9 

1.8 

— 

— 

— 

Muscle 

80.3 

17.2 

2.5 

85.0 

14.0 

1.0 
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Table 5. Degradatiox of l-thyroxixe axd l-3,5,3'-triiodotiiyro.\ine by 

RAT LIVER SLICES IN THE PRESENCE OF VARIOUS lODOTHYRONINES 


Subiitance added 

Cone. 

Ij-tlivi-oxinc 

4.7X‘10-’.M 

L-triiodotlivronino 

2.GX10-’M 

% of total 
distributed as 

% of total 
distributed as 

T4 

I 

0 

T3 

I j 

t) 

None 


28.0 

57.!) 

13.0 

1 75.1 

1 18.8 

0.1 

Triiodothvronine 

3.2XlO-‘ 

60.!) 

19.8 

13.2 , 

95.5 i 

3.0 , 

I . 5 

Thyroxine 

2.0X10'^ 

85.5 

6.5 i 

8.0 

94.5 

3.5 

2.0 

Triiodothvroacotic acid 

3.1X 10 -* 

53.0 

31.0 

15.5 

94.2 

1 3.0 j 

•> 

Tetraiodothyroacetic acid 

3.0X10-’ 

42.2 

37.1 

20-7 

1 85.4 

8.0 1 

0.0 

Triiodothyropropionie acid 

3.3X10-’ 

04.0 I 

25.0 

11.0 

1 94.5 

! 4.5 i 

1 .0 

'J'etraiodothyropropionic acid 

3.4X10-’ 

01.8 

22.8 

15.4 

1 87.9 j 

7.4 ' 

4.7 


Dciodination of endogenously labelled thyroxine 

The incubation of endogenousl 3 ’- labelled thj’i-oxine with rat liver slices 
resulted in the formation of radioiodide. No material with the lb of 
3,5 diiodothja-onine or anj' other new compound was identified ehromalo- 
graphicall 3 ^ A small amount of a compound could have gone undetccled 
because there was little radioactivitj’, but in the five solvent sj-.stems used 
no new material of a significant amount, relative to iodide and thyroxine, 
was noted. 

DISCUSSIOK 

The liver, kidnej’ and muscle (but not the thyi'oid (10, 11)) of I'ats de- 
iodinated radiothju'oxine and radiotriiodothyronine and, to a certain e.x- 
tent, their acetic and propionic acid analogues. This sj’stem had an opti¬ 
mal temperature (although the present stud.v confirms the relative heat 
stability of the homogenate (12)), required o.x.vgen, was inhibited Iiy boil¬ 
ing, certain toxic compounds (some heav.v metals, plienols, quinone, vya- 
nide) estrogenic substances and BHDB. It was strikinglv unallected li.v 
manj’ antithjToid compounds, other iodinated compounds and a sulphyd- 
ryl inliibitor (p-chloromercuribenzoate). 

The pre.sent finding of inhibition of dciodination of thyroxine by estro¬ 
genic .substances is in contrast to that of Cruchand el al. (13). These 
authors, however, used estradiol monophosphate in a smaller concentra¬ 
tion. Such an inhibition might be an additional cause for the rise in blood 
levels of th 3 -ro.xine in humans with high estrogen levels. In rim Jium;in 
studies, as 3 'et incomplete, suggest, in several instances, the possibility of 
a block by stilbesterol of the dciodination of thyroxine. 

The main product of this deiodinating system was radioiodide. I'he ab¬ 
sence of radiotriiodothyronine, in spite of its being less rapidly deiodinated 
than thyroxine, suggests that it was not formed. The same reasoning aji- 
plies to the acetic and propionic acid analogues. The substrates were 
labelled onh’ in the prime positions atul therefore 3,.5 diiodoihvronine or .a 
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derivative tiiereof, would liave gone undetected. No 3,5 diiodothyroniiie 
was found, however, in tlie deiodination of endogenousl.y labelled thyrox¬ 
ine but, since we do not know how rapidly 3,5 diiodothyronine may be 
deiodinated, we cannot conclude that it was not formed. The finding that 
3,5 diiodothyi’onine did not inhibit the deiodination of thyroxine suggests 
that it was not or, if so, only slightly deiodinated by the same enzyme sys¬ 
tem. In addition, 3,5 diiodothyronine should be more difficult to deiodinate 
than thyroxine. Of the two possibilities, 3,5 diiodothju-onine was not 
formed during tJie deiodination of thyroxine or 3,5 diiodothyronine was 
formed but was rapidly metabolized, the former would, therefore, seem the 
more likel.y. As pi’eviousl.y noted, the radioactivit}’- was small and the pos- 
.sibilit}^ of 3,5 diiodoth 3 U'onine derivatives or other compounds being 
formed in small quantities caiinot be ruled out. These results suggest that 
eit.her a compound was foiuned with the chromatographic characteristics, 
in five different solvent .s^-stems, of th 3 U-oxine or iodide, or th 3 TOxine was 
deiodinated, at least to a major extent, to iodide and th 3 ’'ronine (or some 
completel 3 ' deiodinated th 3 'ronine derivative). 

Others have found an accumulation of radiotriiodoth 3 Tonine ( 1 , 2 , 3 
13), acetic acid analogues (3, 5, 6 ) propionic acid analogues (3), p 3 U'uvic 
acid analogues (7, 8 ) and glucuronide acid conjugate (9) from radiothyrox¬ 
ine metabolized either in vivo or in vitro. In the present study deiodination 
by homogenates was resistant to boiling compared to deiodination by 
slices or mitochondria and BHDB inhibited deiodination b 3 ’' slices much 
more than deiodination b 3 '’ mitochondria. There may, therefore, be several 
enzyme s 3 ^stems (deiodinating, deaminating, decarbox 3 dating) capable of 
mei.abolizi]ig tlyyroxine and the results 11103 ^ vaiy ndth the tissue studied 
and the method of stud 3 ". 

The question of where the deiodinating enzyme system is remains un¬ 
resolved. Mitochondria seemed particularl 3 ' effective in the s 3 ’-stem studied 
here. A deiodinating S 3 ’’stem at the cell surface, however, might serve to 
deiodinate thyroxine to facilitate its entrance into the cell and might 
explain why thyroxine is more rapidB^ deiodinated than triiodoth 3 a‘onine. 
There was no evidence in the present study, however, for the formation of 
any iodinated th 3 Wonine by the deiodination of tlDu-oxine; nor was there 
any evidence to indicate whether the deiodinating s 3 '’stem acted within or 
on the surface of the cell in the intact tissue. Furthermore, deiodination 
may have no relation, directl 3 ’', to the metabolic activit 3 ^ of the thyroid 
hormone, in spite of the fact that BHDB both reduces oxygen consumption 
and inhibits deiodination ( 12 ). 

The deiodinating system presentl 3 ' under consideration seems specific 
principally for tetra and triiodinated th 3 a-onine compounds. The addition 
of tetra- and tri-iodinated th 3 a’onines inhibited the deiodination of tlDTOX- 
ine or triiodothyronine to an extent often commensurate with the amount 
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of deiodinatioii which these compounds underwent wlien added alone to a 
similar system. 3,5 Diiodothyronine did not inhibit deiodinatioii of thyrox¬ 
ine, nor did the iodinated tyrosines, iodide, Priodax, Tolepaquc or Tcridax. 
It is of interest, however, that an iodinated single benzene-ring eompound 
(BHDB) did inhibit deiodinatioii suggesting that it may be deiodinated 
itself, and indicating a lack of discrete specificity for the enzyme system 
involved. 
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THE METABOLISM OF F-''^-LABELED THYROXINE TRI¬ 
IODOTHYRONINE AND DIIODOTYROSINE BY AN 
ISOLATED PERFUSED RABBIT LIVERS 

DAVID V. BECKEP and JOHN F. PRUDDEN 

I)/>pnrtmenl of Mcdidtie, New York- Uospital-Corncll Mcclicul Center and the Department 
of Siirgcrij, Cohnnbia Universitij College of Physicians and Siirgeoiis, New York, N. Y. 

ABSTRACT 

Isolated ral)l3it livers were perfused for 12 to 15 hours with I’^'-labcled thy¬ 
roxine, triiodotliyroniuc and diiodotyrosine in order to evaluate the hepatic 
inetabolisni of these sidjstanees. The livers were able to concentrate these 
amino acids in apjjrcciablc quantities showing somewhat greater accumulation 
in livers perfused with labeled triiodothyronine than with thyroxine. Tri- 
idothyroninc and thyroxine were metabolizetl b}' the perfused liver at rates 
identical in ratio to the intact rabbit but faster b.y a factor of almost six. 
l^iiodotyrosine, henvaver, was deiodinated at a rate similar to that in the intact 
animal. Measurements of biliary c.xeretion of radioactivit 3 ' showed that thi.s 
jjathwa.v proved more inij)ortant over the ])eriod studied for livers j)crfused 
with triiodoth.vronine than for those perfused with th.vroxine. Twenty-six per 
cent of initial radioactivity was excreted over 12 hours in the bile of the former 
and S% in the latter. Loss than 3% of the initial perfusate radioactivitj- ap¬ 
peared in the bile and over 12 hours when perfusion with labeled diiodotyrosine 
was carried out. 

The perfused liver proA’cd capable of producing triiodotlyTonine b}’- the 
deiodination of thyi'oxinc in the majoritj' of studies. Several unidentified com¬ 
pounds appeared in both the bile and the plasma of the perfusate following , 
perfusion with both tlyu’oxine and triiodoth^vronine. It is likeb' that the most 
abundant of these components is a glucuronide conjugate of thyroxine and 
triiodoth 3 Tonine. 

T he metabolism of thyroid hormone bj'' the liver has been a matter of 
considerable interest since 1919 when Kendall (1) showed that circu¬ 
lating thyroxine is partly collected by the liver and that derivative iodides 
can be recovered in the bile. Using j-adioisotopic and chromatographic 
techniques, many recent investigators have restudied this subject. Infor¬ 
mation, however, is still lacking as to the precise role pla 3 '^ed by the liver in 
the peripheral metabolism of thyroid hormones. 

The importance of the enterohepatic circulation in the metabolism of 
th 3 a-oxine has been emphasized b 3 '^ Albert and Keating (2) and by Myant 
(3). There is considerable e^ddence that the liver pla 3 's a key role in the 
regulation of the th 3 n‘oid hormone content of the bod 3 " b 3 ^ destruction of 
excess circulating hormone and regulation of biliary excretion mechanisms. 
Several Avorkers have investigated the nature of th 3 U'oid hormone deriva- 

1 This work was carried out in part at the Surgical Research Unit, Brooke Army Medi¬ 
cal Center, Fort Sam Houston, Te.xas. Presented at the 1958 Meeting of the American 
Goiter Association. 
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lives in bile, and the importance of the glucuronide conjugation mechanism 
in the metabolism of thyroxine has been Avell established (4, 5, 6, 7, S). In 
addition to glucuronides, recent work (9) has shown that the iodothyro- 
pyruvic acid derivatives of both thj-roxine and triiodothj-ronine maj' be 
found in the bile of rats. 

The site of origin of triiodothj'ronine in the plasma has not been estab¬ 
lished. There is appreciable evidence that it may arise from the deiodina- 
tion of th 3 Toxine (7, 10, 11, 12, 13, 14) although agreement is not unani¬ 
mous (15). In vitro studies (16, 17, 18, 19, 20) indicate that the liver ma.v 
be one of the sites of peripheral deiodination. 

Using a perfusion apparatus, it was felt that it might be possible to iso¬ 
late the action of the liver in the metabolism of th 3 u-oid hormones and to 
investigate its function, not onl 3 '^ as part of an excretion mechanism, but 
for its possible importance in the deiodination of these substances. 

JIETHODS 

The perfusion technique used in these studies w.os described previousl.v bj- Younp;, 
Prudden and Stirman (21). In this iiroeedure, the liver of an anesthetized adult New 
Zealand rabbit was carcfullj’ removed following cannulation of the portal vein, inferior 
vena cava, and the bile duct with pob’ctludene catheters. The liver, which weighed 
about 100 grams, was placed in the apparatus with the bile duct cannula emptying into 
a collection tube. The perfusate was a 50-50 mi.vture of defibrinafed, heparinized rabbit 
blood and Hartman’s solution with a total volume of 1000 cc. It was oxygenated b}- 
permitting it to flow freely from the vena cava through a Vigreaux fractionating column 
connected to an oxygen source. After collection in a mixing chamber the perfusate was 
then pumped to a h.vdrostatic reservoir from which it flowed into the liver through the 
portal vein at a rate of about 150 cc. per minute. The api)aratus was kept in a thermo- 
staticalh' controlled box at a temperature of 37° C. In order to avoid bacterial contami¬ 
nation, the entire apparatus was cleaned and autoclaved, and sterile technique was used 
in the preparation of the perfusate. In addition, .Vureomycin was added to the ])erfiisate 
at four hour intervals during the ])roccdure. The average liver was i)erfuscd for a i)eriod 
of 12 to 15 hours. 

Commercially prepared P’^'-labeled f-thxToxine, l-3,5,3'-triiotlothyroninc and di- 
iodotj'rosine,- in amounts of 1 to 10 micrograms containing from 30 to 150 microeurie-' 
of I'^' were used as the substrate. This material as received showed various dearees of 
impurit.v and was purified b.v paper chromatography before use. In several of the pro¬ 
cedures, the starting thvroxine was contaminated with a small amount of triiodo¬ 
thyronine and iodide despite purification. The labeled amino acid was thoroughl.v mixed 
with the perfusate which was then added to the apparatus. ,V control .''ami)Ie of j)erfu'ate 
was taken before the liver was placed in the appar.atus, a second sample taken ininiedi- 
atelv after the start of perfusion of the liver and a third .) minutes later, .\dditional 
Samples were taken ever 3 ’ 30 minutes for the first two hours and hourl.v thereafter. 

The radioactivity of the idasina of the perfusate and of the bile was determineil b\ 
ineasurements in a scintillation well counter. 1 he proteins oi the identical plasma aliquo. 
Were precipitated using 5 volumes of 209c trichlonicetic acid. 1 he preeijjitate \\a~ v.a-bed 
twice with 5% trichloracetic acid and then measured in the well counter to determim- 
the protein-bound I”* (PBI'”). 

Measurements of total protein, albumin (22) and urea nitrf>aen (231 o; the p' r.u- it. 

■ Obtained from Abbott Laboratories, Oak Ridge, Tenn. 
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were made every two lioiirs. Sam])les of the perfusate for cliromatographj’^ were obtained 
Ijefore tlie liver was added to the apparatus and every three liours thereafter. AAHien bile 
flow i)ermitt('d, samjiles taU('ii at similar intervals were used in the examination of the 
bile. 


Sam])les of the ])lasma of the perfusate and the bile were prepared for chromatography 
by acidifying with 0.2 cc. of oN IICl per cc. of sample and then extracting twice with 
5 ec. of 7!-butanol (24). The suijernatants were combined and reduced to dryness by 
vacuum distillation at room temperature. The residual was dissolved in a small amount 
of butanol and chromatographed in an ascending hutanol-dioxane-ammonia system (25). 
1 lu' dioxane was ])urified by distillation. Selected samples were chromatographed, in 
addition, in an ascending butanol-acetic acid system (20). Appropriate carriers were 
a])plied to all (diromatograms befon; development and were identified with ninhydrin 
or sulfanilic acid (27). All chromatograms were radioautographed on no-screen X-ray 
film and then scanned with an automatic geiger counter and recording rate-meter. 
Radioautogra])hic s])ots were identified by comparison of the film with the location and 
shape of the carrier s]7ot on the chromatogram. The radioactivity on the chromatogram 
was quantitated by idanimetiy of the rate-meter recording after identification and de¬ 
lineation of each peak by comjiarison with the corresi)onding radioautograph. 


RESULTS 

Seveu teolinicall.y .satisfRcloiy perfusion.s wit.Ii thyi’oxine, four with l.ri- 
iodothA’i'onino and one with diiodotj'rosine were completed. Over the 
coui'se of the avei-age procedure tlie pli of tlie perfusate i-emained relatively 
constant. Measurement of albumin and globulin showed little change. The 
urea nitrogen accumulated according to a single exponential cumulative 
equation and doubled by the end of 12 hours. This pattern of urea increase 
was taken to indicate the presence of actively functioning hepatic tissue. 
The mean i-ate constant of the expression for urea accumulation for those 
livers perfused with tliAunxine was O.OOISI min.“b This represents a half- 
life of accumulation of 383 minutes. For those livers perfused with tri¬ 
iodothyronine, the same formulation showed a mean rate constant of 
0.00118 min.“^ (half-life = 587 min). When the difference between these 
mean values was examined b}'- test, it was found, interestingly enough, 
that the difference was significant (P = 0.01). Hence urea nitrogen accumu¬ 
lated significantlj’’ more rapidly in those livers perfused with thyroxine 
compared with those perfused with triiodotliAU-onine. The physiological 
implication of this finding is not immediately apparent. 

Control procedures included circulation of the perfusate with its labeled 
compound for twelve hours in the apparatus without a liver. In these con¬ 
trol studies, the total radioactivity, protein-bound and chromatograms 
all showed no significant change from the starting determinations. During 
the course of those control studies without the liver, measurement of the 
perfusate urea nitrogen (which was essentially constant) showed a standard 
error of 1.5% of the mean perfusate value. Similarl}", measurement of the 
showed a standard error of the hourlj'’ measurement of 0.2/% of the 
mean. The measurement of total plasma radioactivity showed a standard 
error of 0.83%. These figures represent the intrinsic errors of the proce- 
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dures and are considered satisfactor}'. Perfusion of sodium radioiodide 
tlirough a liver for the same period .showed no changes in the indices 
studied. The iodide was excreted rapidi}' in the bile. Over the course of the 
control experiments there was a loss of radioactivity (presumably adsorbed 
to glassware) equivalent to 0.75% of the total activit}’- per hour. 


RATE STUDIES 

Per/ usaie 

The total !'■’* of the perfusate showed a rapid decrease over the fir.st 1 wo 
hours. At the end of two hours the livers perfused with thyroxine had ac¬ 
cumulated a mean of 24% while those perfused with triiodothyronine had 
accumulated a mean of 39% of total i-adioactiidty. This difference ivas 
statistical!}" significant (“t” test, P-O.Ol). The total perfusate activity in 
all studies then remained at a fairly constant level for the duration of the 
procedure. Since the system is a closed one, this first phase of disappear¬ 
ance of radioactivity was interpreted as indicating either passive or active 
distribution of radioactivity within the liver. 

Measurements of the PBP^* of the plasma of the perfusate showed that 
triiodothyronine was deiodinated at a significantly faster rate than was 
th}"roxine (Fig. 1). The mean half-life for the disappearance of protein- 
bound when the liver was perfused with thyro.xine was 32.5 hours while 
that for triiodothyronine was 22.2 hours. This difference is significant. 
The single satisfactory procedure in which the liver was perfused with 
diiodotyrosine showed an appreciably different and much faster rate of 
deiodination (half-life, 9.4 hours). 

By contrast, measurements of the relative radioactivity of each peak 
apjiearing on the chromatograms permitted the estimation of tlie disap- 


Fig. 1. The clis.appe.aranco of the i)er- 
fus.ate protein-boancl I”’ for livers per- 
fvised with thyroxine, triiothy- 

roiiiiie and diiodotyrosine. The half-iivcs 
for thyroxine and triiodothyronine are tlic 
means of 7 and 4 experiments resijeetively, 
while tiiat for diiodotyrosine reijresents a 
single study. The ordinate represents the 
logarithm of the perfusate while the 

abscissa represents time in hours. 


PERFUSATE PROTEIN-BOUND l’^' 



10 


A 
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pearancc rates for cliromat-ograpliically pure thyroxine and triiodothyro¬ 
nine. Here, tlie tlpyroxinc disappeaj-ed from tlie pei-fusate witli a mean 
half-life of 2*1.3 hours while triiodotlpyronine was removed at a significant¬ 
ly faster rate witli a mean lialf-life of 9.5 hours. The disappearance rates, 
calculated in this fa.shion, were thus somewhat faster than when calculated 
from the determinations of the peidusate protein-bound (see above). 

Anal.ysis of the perfusion data for the kinetic rate constants shows that 
the specific rate of livei' degradation for thyroxine or triiodothyronine is 
directly related to the weight of the liver. The rate constant “k” (% de¬ 
graded per hour per 100 gm. of liver) is 3.8% for thyroxine and 8.0% for 
triiodothyronine. Further calculation indicates an average degradation of 
1 to 2 fig. of thju'oxine per 100 gm. of liver for a twelve hour period. 

Bile 

Over a period of twelve hours, those livers perfused with th.yroxine ex¬ 
creted in t,he bile a mean of 8% of the total radioactivity initially added to 
the perfusate. However, radioactivity derived fi-om triiodothyronine was 
found to have a total biliary excretion over the same period of a mean of 
26% of total radioactivity'. Thus despite equality of bile production (aver¬ 
aging 2 to G cc. an hour) with both amino acids, the perfused liver excreted 
in the bile three times as much radioactivity derived from triiodothyronine 
as compared to that derived from thyu-oxine. The biliary excretion curves 
of radioactivity' for thyroxine perfused livers showed an early peak of radio¬ 
activity' (three to four hours) followed by' a steady fall. Following labeled 
triiodothyronine administration however, radioactivity was excreted in the 
bile with a different pattern, showing a slow' rise in hourly' excretion reach¬ 
ing a peak by' 7 to 8 hours and then falling off slightly. 

In the liver perfused w'ith labeled diiodoty'rosine, a total of only 2.4% of 
t.he total perfusate radioactivity' appeai'ed in the bile over a 12 hour period. 

CHROMATOGRArHIC STUDIES 

Perfusion iviih P^^-Jabelcd thyroxine 

In those livers perfused wdtli labeled thy'roxine, chromatographic studies 
of the perfusate show'ed that thy'roxine gi-adually decreased w'ith time 
w'hile iodide, several unknoivn materials and triiodothy'ronine appeared 
(Fig. 2). Similarly', chromatograms of the bile show'ed all of these com¬ 
pounds (Fig. 3). 

The relative quantities of radioactivity' in each compound separated on 
the chromatograms of the perfusate for a ty'pical liver perfused w'ith I'®'- 
labeled thyroxine are show'n in Figure 4. Tliy'roxine decreased in a modei’- 
ately' slow' and irregular fashion w'ith a drop over 12 hours to a mean of 
48% of initial radioactivity'. Triiodothyronine appeared in the perfusate 

^ The kinetic formulation used in these calculations will be presented in a subsequent 
publication. 
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I'lG. 2. Perfusion of a liver with I'^'-labcleil thyroxine. 1 he radioautograpii' of <!ir<> 
niatograms of tlic plasma of the perfusate are placed beneath the eorre^iamdiiu: mt.- 
meter recordings of radioactivity content. Legend: 0 = orimn. r = fronf. T 1 =tli> roxiiic. 
= triiodothyronine, I~=iodide. The unknown peaks arc lal)eled A. B, ( . .m* 
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LIVER PERFUSION-THYROXINE 
Bile Specimens 



- - , I - - ' - -0 

I hr. 3hrs 6hrs. 9hrs. 

Fig. 3. Perfusion of n Ii\'cr witli I^'-Iabolcrl tliyrovinc. Efidioatitograplis of bile sain- 
j)lcs obtained 1, 3, (i, and 9 liours after the start of pci’fusion. Tlie legend is the same as 
in Fig. 2. 

in significant!}" increased quantities in four of tlie seven procedures in 
wliich tiie liver was perfused witli tIi 3 "roxine. The remaining three started 
Avith ajDpreciable quantities of tidiodotJiyronine and the area under this 
peak remained relatively constant througliout. TJie main product of tlie 
breakdoAvn of thyroxine AA"as iodide AAdiich sIoAvIy and steadily increased to 
reach its maximum concentration of S to 25% (mean 15%) of total chro¬ 
matogram actiAuty by 12 hours (Table 1). Several unknoAAm compounds ap¬ 
peared and the predominant one, Unknown C (probubly a glucuronide as 
indicated beloAA") reached a mean A^alue by the end of 12 hours of 7.2% of 
total chromatogram actiAuty. Tavo other unknoAAms, A and B, appeared less 
constantly and in smaller quantities. Unknown B usually reached its maxi¬ 
mum concentration of 2 to 3% by the sixth to the ninth hour and then de¬ 
creased. Unknown A Avas found in the plasma on tAA "0 occasions, and Un- 
knoAAm D AA"as seen only once. 

Analysis of the cliromatograras of the bile for a typical liver perfused 
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PERFUSION WITH THYROXINE 



TIME (hours) 


Fig. 4. Distribution of the relative radioactivity content of cliromatoffrain.'f of Uk' 
perfusate (solid circles) and bile (open circles) of a liver perfused with I’^'-labelcd thy¬ 
roxine. The ordinate represents the percent of the total chroinatograni radioactivity 
while the abscissa represents the time of the samtdes studied. 

wi(h labeled thyroxine (Fig. 4) showed that thj'roxine wa.s tiic major com¬ 
ponent as early as thirty minutes after perfusion was started at whicii time 
tlie first bile specimen was examined. The tJiyroxine content of bile over 
the period of twelve hours remained relatively constant. Triiodothyronine 
and iodide appeared in all bile specimens in about the same concentration 
tliat was seen in the plasma (in terms of total activity of the chromato¬ 
gram). Unknown C not only appeared in the bile much earliei- than in the 
perfusate, but was usuallj’ present there in much greater concentration 
(Table 1). At the end of 12 hours Unknowns A and 13 wei'c fouinl in thi' 
bile in all thjToxine perfusions with respective mean concentration- of 
4.3% and 9.6% of total chromatogram activity. 


T.vble 1, DI.STHIBI-TIO.N or cnnoM.\Toon.\M b.vdioactimtv 

(Ail values arc nican.s; they are c.xpressed as per cent of the total clironiato^i.nii r. Im- 
activity upon termination of perfusion.) 


Perfusate 

Siteeimen 

Thy¬ 

roxine 

Triiodo¬ 

thyronine 

Iodide -V 

H 

I”^-thyro\ino 

perfusate 

4S 

5 -S 

15 — 

- 7 


bite 

24 

o.i> 

10 4,3 

0 r> v.» 

thyronine 

I)orfusa(e 

1.4* 

21 

14 2.7 

11 22 


bile 

7.0 

15 

11 3.0 

■i.i) 

* Contaminant of the triiodotliyronine initially added to perfu.-; 

itc. 


r.tt 

S..'' 
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Perfusion wilh P^^-hhehd Iriiodothyronine 

Cliromatograpliic studies of tlie perfusate of tliose livers perfused with 
laljoled triiodotli^yronine sliowed qualitativel.y similar results to those de¬ 
scribed above for the Ihyroxine. Similar measui-ements of the relative con¬ 
tent of the substances found in the perfusate and the bile are shown dur¬ 
ing the course of a typical ]Derfusion in Figure 5. In the perfusate, chroma¬ 
tography of the control specimens showed that a mean of 83% of the initial 
total perfusate radioactivity was present as triiodothyronine. After twelve 
hours, hoA\XM'er, the amount of triiodothyronine had dropped sharply to 


PERFUSION WITH TRIIODOTHYRONINE 



Fig. 5. Distvihution of the reh-itivc r;iflio;(cth'it.v content of chromatogivinis of the 
])ei'fus:ite and bile' of a liver perfused with l*-"-labcled triiodothyronine. Tlie ordinate 
and abscissa are identical with that in Fig. 4. 


21% of initial radioactivit 3 ^ In almost all procedures where I^^*-triiodo- 
thyronine was added to the perfusate, th 3 u-oxine in quantities of 5 to 10% 
was present as an initial contaminant. Unknown C with a mean perfusate 
concentration of 22% by the end of 12 hours was present in much greater 
concentration than was seen Avhen tlD^oxine was the starting material. 
Iodide made up about 14% of the total radioactivit 3 '’ and Unknown B was 
present in rather high concentrations (mean 11%). Unknown A was found 
in all plasma samples with a mean concentration at the termination of the 
perfusion of 2.7% of the total chromatogram activity (Table 1). 

Examination of the bile showed that the major component was Unknown 
C. This compound, in those livers perfused with triiodothyronine, con¬ 
tributed in 12 hours more than one third of the total biliary activity; an 
amount twice as great as that found following perfusion with th 3 a‘oxine. 
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Unknowns A and B were present in all late bile samples but in relatively 
small quantities. Unknown D was found in all specimens of bile and was 
the only deriA'ative compound that appeared initially (one hour) in higher 
concentrations (16%) than was seen after twelve hours of perfusion. 

Hydrolysis with /3-glucuronidase of Unknown C eluted from the chro¬ 
matogram j’ielded a substance that traveled on the chromatogram to the 
same location as carrier triiodothyronine. 


Perfusion with P^^-Iabeled diiodofyrosine 

In those livers perfused with labeled diiodotyro.sine, chroma!ogram.s 
showed the rapid disappearance of diiodotyrosine from the pei-fusate con- 
comitantl}^ with the appearance of iodide. Before perfusion started, 07% of 
the total radioactiAot}' of the chromatogram was pre.sent as diiodotyrosine. 
However, iodide appeared rapidlj' in the perfusate with a concentration by 
tlie end of the 2nd hour of 2.3%, bj* the end of the 6th hour of 40% and by 
the end of the 12th hour of 46% of chromatogram radioactivitj'. Exami¬ 
nation of the bile showed the early presence of both diiodotyrosine and 
iodide but as perfusion continued, the former decreased to mininral quanti¬ 
ties while the latter accounted for almost all of the radioactivity of the 
chromatogram. 


oiscusstox 

The viabiliW of the liver in the perfirsion preparation is reasonably as¬ 
sured by the findings of the rising urea nitrogen of the perfusate, mainte¬ 
nance of total protein levels, and continued production of bile in appreci¬ 
able quantities. Microscopic examination of the liver upon termination of 
each stud}’ showed intact morphology. Only those perfusion studies that 
met the above criteria Avere considered to be satisfactory and included in 
i he series. 

It is interesting to note that the relative rates of deiodinalion of thyrox¬ 
ine and triiodothyronine by an isolated perfused liver are roughly analo¬ 
gous to those obtained in intact animals Avhere triiodothyronine is not only 
removed from the blood more rapidly than thyroxine but i^ deiodinated to 
a greater degree (2S, 29, 30). In vivo studies in rabl)its of the same breed 
u.sed in these perfusion experiments shoAA'ed that the average half-time of 
disappearance of plasma radioactiA-ity after administration of labeded 
thyroxine Avas 192 hours, that for triiodothyronine 12.3 hours and that for 
diiodotyrosine 14.5 hours. (31) The di.sappearance rates of the protein- 
bound I*-'*' obtained by liver perfusion (32.5 and 22.2 hour.- re.-peetivcl} ) 
tire faster by a factor of almost 6 than those seen for both thyroxine and 
triiodothyronine in the intact animal. It is striking to note that tlie ratio 
of the degredation half-time of thyroxine compared Avilh that for lriioi!t>- 
thyronine is virtually identical for both the perfusion preparatioji and the 
intact animal. However, for the liver perfused with diiodotyro-ine, the .i«- 
iodinafion rate is verv .similar to that in the intact animal (9.1 and I 
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liours, i-especlively). This is of interest in view of Flock’s (7) observation 
that tile rate of cleiodination of ciiiodotyrosine was not altered by eviscera¬ 
tion of the rat. The rate of deiodination of both thyroxine and triiodothyro¬ 
nine was reduced in the eviscerated rat over that seen in the intact animal 
although triiodothyi-onine continued to disappear from the blood more 
i-apidly than thyroxine. In vitro studies (32) indicate that the liver readily 
metabolizes diiodotyrosine; however Flock’s observations and those of the 
present study suggest that the liver may not play a major role in the de¬ 
iodination of diiodotyrosine in the intact animal. 

In the present study, a greater role bj*^ a factoi- of three was played liy 
t,he bile of those livers perfused with triiodothyronine than in those per¬ 
fused with tli.yroxine in terms of the amount of total radioactivity excreted. 
Cooper and Beringer (33) noted no significant difference in the biliary ex¬ 
cretion of i-adioactivitj' following administration of labeled thyroxine and 
triiodotln'ronine to bile fistula dogs, finding one-third of the administered 
dose in the bile b}’ 120 hours. Roche, howeimr, noted that 60% of radio¬ 
activity dei'ived from injected I'^'-labeled triiodothi-ronine appeared in the 
bile of rats b}’ 15 hours compared to 40% of that derived from P^^-labeled 
tliju-oxine."* 

The chromatographic findings of triiodothyronine in the perfusate and 
t.he bile of livers perfused with labeled thyroxine suggest the ability of the 
liver to deiodinate tl^TOxine. In vitro studies b}^ several workers have 
shown that liver tissues have the capability of deiodinating thju'oxine (16, 
17, IS, 19, 20) and the existence of deiodinase systems in the liver has been 
demonstrated b}^ others (34, 35). In addition. Flock (8) has shown that the 
hepatectomized dog does not deiodinate tlDTOxine and triiodothyronine 
as completel}'' as the normal animal. The present findings therefore add 
further evidence for the existence of a peripheral mechanism for the for¬ 
mation of triiodotlDU’onine from th^n-oxine and suggest that the liver may 
plaj'^ an important role in this function. 

Of the unknown compounds noted in the perfusate and bile in the pres¬ 
ent experiments, there is suggestive evidence that the major one (Un¬ 
known C) is a glucuronide. Briggs ei al. (4) in a study in which a rat liver 
was perfused with labeled thyroxine found in the bile appreciable quanti¬ 
ties of a substance subsequently identified as the glucuronide conjugate of 
th3n’oxine (5). Roche et ol, (9) and Flock and Bollman (7) identified this 
substance in bile. 

The presence of tlDu-oxine glucuronides in the plasma has been described 
only in animals whose bile ducts have been ligated (37) or whose livers 
have been severelj^ damaged (20). In the present studies a compound that 
was probably a glucuronide was found in appreciable quantitites in the 


•' Data presented b 3 ’ Roche during the discussion (p. 224) of a paper bj" Vannotti (20). 
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perfusate following perfusion of livers with thyroxine and triiodothyro¬ 
nine. Its presence may indicate undetected biliary damage, VIore likely, 
however, since the perfusion takes place in a closed system, it is the result 
of the absence of a urinary excretion mechanism which could handle the 
rapid removal of this material from the plasma. 
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RELATION OF NUCLEIC ACIDS TO THE STRUCTURE AND 
FUNCTION OF THE GUINEA PIG THYROID GLAND 

JOSIP IMATOVINOVIC and AUSTIN L. VICKERY 


ABSTRACT 

Groups of guinea pigs were administered th.vrotroi)iii, thyroxine, and 
thiouracil. The weight, funetional activity (I"‘ uptake), relative percentages of 
tissue constituents, average cell height and the ceil population density of the 
thyroid glands were determined. Desoxyribonucleic acid and ribonucleic acid of 
thyroid tissue were determined by chemical methods. Since the histological 
structure of the thyroid gland is a variable factor, it should be considered in tlie 
interpretation of data obtained by chemical analysis of whole tissue sample.-. 
A method is described for cx’pressing the results of chemical analyses of thyroiil 
gland nucleic acids in terms of a calculated thyroid parenchymal cell mas-. 
These results differ in significance from the conventionally expressed values 
based on a unit weight of whole tissue sample. The nuclear content of DX.V was 
found to be independent from the stimulating action of thyrotropin. In the 
thyrotropin stimulated gland, an increase of RX.-V was observed. In the absence 
of thyrotropin stimulation, a decrea.se in RX.V occurred, riulcr the stimulation 
of thyrotroi)in, the increase in total RX.\ was proportionally greater than the 
iaerease in average weight of the gland. The increase of total RX.\ jjcr gland 
was less marked when related to the inerca.se in total cell mas.s of the gland. In 
the absence of thyrotroi)in stimulation (thyroxine-injected animals), the de¬ 
crease in total RX.V per gland was proportionally greaf('r than the decrea-e in 
average weight of the gland; but this effect was more' pronounced when the 
decrease in total RX.V was related to the decrease in total cell mas.- of the gland. 
Thiouracil per sc jjrobably does not inhibit the synthesis of RX.V in the f h\ roid 
cell. 


T HERI'i i.s an abundant literature on the luicleie acid.s of ino.-t inain- 
tnalian organs hut relatively little eoncerning the thyroid gland. 
Nucleic acids of the thyroid have been determined l\v histocheinicai (1,2). 
hi.siospectro.scopic (3, 4), and chemical mcthod.s (.5, (i, 7, S). 'I'lio re.-ult'- of 
histo.spcctroscopic .studies are exirre.s.sed in arbitrary units, while the dat.u 
of chemical analy.ses arc usually reported as concentration jrcr unit of \\('t 
"’eight of tissue or content per whole gland. 

The structure of the thyroid gland makc.s it difiicult to interpret chem¬ 
ical as.says if e.xpre.ssed in terms of the weight of whole tis.^ue. ."^inee the 
thyroid is not a solid organ, but contains follicular space.s which (‘on-titute 


* From the Departments of Medicine ami Patimlouy of the llarvanl Me,Heal .'ch.>',! 
:>nd the Medical i^crvice and the .fame- Homer Wright Pathology l.aboratori, - "f the 
.Ma,s.<ac!m.-etts General Hospital. Bo-lon. Ma-aehu'ett<. .'^uj>ported in part hy \ .y 
i’ublic Health Service Research ttrant- and 0-0121. Thi- papi r «a- pre-e:i!. i 

ut the Annual Meeting of the American Goiter .\-oeiation. San I'r.mci-ro, O.i'.derw. v 
■bine ipjs. 
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a large and vanal)le factor, it might prove lielpfiil to express the results of 
cliemical aiial.yscs in terms of a calculated cell mass which excludes stromal 
clcmcnls and colloid. This paper is concerned with an histological and 
chemical technique which has provided a measurement of the nucleic acids 
per unit weight of th 3 Toid protoplasm. The method has been utili^^ed in 
studies of the effects of thyrotropin, thyroxine, and thiouracil upon the 
metabolism of nucleic acids in the guinea pig th 3 ’roid gland. 


METHODS 

Miilo giiinc.'i pigs m'igJiiiig H),5-2I0 gjn. wore used in these experiments. Each group 
consisted of five animals fori nr/ libitum with a regular diet and lettuce. Control and c.x- 
Ijcrimental grouj)s of animals were .sacrificed after 14 da,v.s and after .3 months. One group 
received 0.5 I .S.P. units of tlp’rotrojrin (Armour) in 0.5 ml. saline subcutaneouslj’ daily 
foi- 14 daj-s. One grouj) recei\'cd 100 gg. of /-sodium thyroxine in 0.5 ml. saline (pH 8.5) 
daifv .subcutaneously’ for 14 day.s. One group was fed witli 0.2% tliiouracil ground in 
food for 3 month.s. The weight of all animals was regularly recorded. Animals were 
sacrificed by a blow on the head .and e.vsanguination. Eiglit liours before being sacrificed 
they' were injected with 0.5 go. P^' in 0.5 ml. saline subcutaneously'. The food was not 
omitted until the end of the experiment. The I”’ in each thyroid gland was counted in a 
well-type scintillation detector, and counts were expressed as per cent of administered 
dose. Aliquots of thyroid tissue of thiouracil-fed animals were also precipitated with 20% 
tricliloracetic acid and then counted in a well-type scintillation detector. Homogenized 
aliquots of these thyroids were digested with trypsin and chymotrypsin and thereafter 
were chromatographed in a butanol-2 N acetic acid solvent system. Strips were counted 
in segments in a well type scintillation detector. The thyrotropin and thyroxine-treated 
animals gained weight during 7 days of the control period. In the experimental period, 
despite increased food intake, the thyrotropin and thyroxine-treated animals lost i and f 
resirectively of the weight which they had gained during the control period. Both groups, 
(‘specially the thyroxine-treated animals, had evidence of hypermetabolism. Control 
groujrs and thiouracil-fed animals gained weight throughout the experiment. The thi- 
ouracil-fcd animals did not develojr signs of hypomctabolism. 


Ilislological dfethods 

A calculated cell mass value may' be obtained by' an histometrical determination of 
the relative percentages of thyroid tissue constituents. One medial part of each guinea 
pig thyroid lobe was fixed in 10% formalin, routinely processed and embedded in paraf¬ 
fin. Sections of Gg thickness were cut from the median portion and stained b.v hema- 
toxy’lin and eosin, Feulgen, and iMasson tri-chrome techniques. Quantitative estimates 
of the relative percentages of thyroid tissue components were made by the method of 
Chalklcy' (9). This consists of counting a scries of random tissue contacts in a number 
of high power microscopic fields made by points fixed in the microscope eye-piecc. A 
ratio is thus obtained by' comparing the total number of random ocular point intersec¬ 
tions for each tissue constituent. Parenchy'mal thy'roid cells, follicle spaces, and stroma 
were the tissue fractions studied. Homogeneity' of tissue architecture is desirable for a 
reasonably' accurate application of this sampling technique. The thy'roids were quite uni¬ 
form in structure, as was demonstrated by obtaining similar results on tissue composition 
from sections cut at three different levels of a thy'roid lobe in the experiment with thi¬ 
ouracil-fed animals. 

Three hundred random tissue point-intersections were made in an average total o 
25 high-power fields jier section. Point-contacts "with the lumens of vessels wcie con- 
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siderec! as part of the stroma, but where the random ocular points coincided with an 
empty tissue space (other than intrafollicular or intravascular in position), tiiese were 
omitted as being tissue artifacts. The Masson tri-chrome stain greatly facilitated the 
studies by defining connective tissue elements from i)areuehymal cells. 

By assuming an appro.ximate equivalent specific weight of parenchymal cell, follicle 
space fluid, and stromal elements, the percentages of relative tissue components by area 
were translated into similar porportions on the basis of total gland wet weight. For 
example, if a gland of 100 mgm. had 35% parenchymal cells, 45% follicle spaces, and 
20% stroma by histological cross-sectioned area ciilculation, it was assumed that the 
relative weight fractions were 35 mgm., 45 mgm., and 20 mgm. respectively. Some 
license with accuracy was taken in equating the area percentages of tissue constituents 
with volume and weight, but the differences in the specific weights of the various tissue 
components were regarded as insignificant. Since the values are relative and subject to 
similar artifacts (i.e., shrinkage), these errors were considered to be relatively small. 

The total thyroid cell mass per whole gland was then defined as the product of the 
percentage of thyroid cells per gland and the total wet weight of the gland. Therefore, 
the RXA concentration per unit weight of cell m.ass (RX.\ yg. hngm. thyroid cell mas->) 
can be computed as follows: 


RXA (;jg./mgm. gland) X total gland weight (mgm.) 
Fraction of gland as cells X total gland weight (mgm.) 

Total RXA (/:ig.)/thyroid gland 


Total thyroid cell mass (mgm.) 


= RXA {/ug.)/(mgm.) thyroid cel! ma". 


In order to obtain an index of the actual number of cells in thyroid ti.ssue, estimate^ 
of relative thyroid cell population density were made by counting the number of th.v- 
roid ceil nuclei in a standard area of gland median section, using an ocular grating ruled 
into squares (10). Three separate counts of the nuclei lying within a standard tirea 
(S4,500p-) were made on each section (total area, 253,000^-). I'he average of these values 
was recorded as the “cell population density factor,” or the number of thyroid cell 
nuclei per S4,500p- area. This index constitutes an estimate of cell jiopulation deii'-ity 
of an entire gland and represents a fair sampling of a central thyroid lobe .section. .V*- 
was observed in comparing sections cut at three different levels of one .--enes, there was a 
remarkable degree of homogeneity of the tissue. The average nuclear size remained quite 
constant in the various experiments and was therefore not considered a significant vari¬ 
able in these cell population calculations. 

.-Vverage thyroid cell height measurements were obtained by the ocular micrometer 
direct technique using oil immersion objectives. .V total of twenty-five repn'-entatne 
cells, each from one randomly selected intact follicle, wa.- mea-ured in each gland 
section (11). 

Since the structure of the thyroid make.s technically difficult an evict nolation for 
counting of nuclei from tissue liomogenate.v'. the average DX.V content m the guinea pig 
diploid nucleus (5.9X10~‘= g.) was used in calculating the number of eel!-- per glaiel ' !2i 
This value represents the average DX.V content of one nucleus from re-ting ti—ue with a 
low mitotic indc.x, so that calculations on more actively dividing th%roid cell- 'le, 
thyrotropin-treated animals) have only relative significance. The total mimher of vll- 
in the IIixtokI was determined by dividing the DX.V per whole gland by the a--inned 
average nuclear DX.V content (5.flX10~'=g.l. The average cell content of RX V wa- tie n 
calculated by dividing the RXA per whole glami by the total number of i-ell- of the gland. 

The differences in RXA content per cell do not invariably refiw to actual elriiig. - in 
concentration of RX.V per unit cell nia— because of the marked fluetiiation- in r.! ili\- 
cell .«ires as indicated by the average cell Jieight determination-, rurthenimr.- -me- tl- 
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cliangc in total DNA r('j)rcHonts a cliaiigc in ninnbor of cells, tlic change of the ratio 

( total coll inaH-sN^ 

~To[arDN A~ ) 


A’crstis controls provides a r'clative index- of cell size. 


Cli r m icnl f\fclli ods 

All tissues were kc])t on ice, weighed iininediatel}*, and homogenized in chilled 
Potter-Elvejhem glass honiogenizcrs with chilled 0.25 .sucrose. If not immediately 
n.sed for determination of nucleic acid.s, the homogenate was kept at -20° C. 

-Miquots of tissue were rlried to constant weight in all glass apjjaratus with vacuum, 
RsOr„ and heating by boiling toluene. 

DN.V and RN.V were isolated by the Schmidt-Yhannhauser-Schneider (13) procedure 
and (piantitated in du))licate by the orcinol reaction for ribose of RN.\ and diphenyl- 
amine reaction for desox^-ribose of DN,-\. Yeast RNA and calf th_vmus DNA were used 
as standards. ’’J'he duidicate analy.ses of DNA agreed within 3%, and of RNA within 
4%. The results agreed with those obtained by spcctrophotometric estimation of purine 
and lyvrimidine constituents of RN.V and DNA. 'I’lie Schmidt-Thannhauser-Schneider 
procedure was compared with .Schneider’s method (14). d'lie RNA data agreed, but the 
DN.-V analyses by the Schmidt-Thannhanser-Schneidcr technique were about 10% 
lower than found by Schneider's method. Along with an.ah'sis of RN.A. and DNA in the 
thyroid tissue, both nucleic acids were determined in the rat liver for control purposes. 
The data on nucleic acid analysis were expressed as pg./mg. wet tissue. The water con¬ 
tent of aliquots of ti.ssue. was determined .so that the results could be related per unit 
weight of di-y tissue, d'hc d.ata on nucleic acid analysis were also e.xpressed per unit of 
cell mass. 

Recause the analyses were nmde from whole tissue homogenates, the contribution to 
DN.-V and RN.\ by the stroma cells was not determinable. However, this was considered 
relativeh- constant since the amount of thyroid stroma changed veiy little in these e.x- 
periments. In order to determine the nucleic acid content of colloid, sheep thyroid glands 
were frozen with COj. d’ho tissue was cut in slices 10-15/i in thickness, shaken in chilled 
saline, and centrifuged in the refrigerated centrifuge. Tissue which was resuspended 
showed retention of follicular structure but was devoid of colloid. 7’he supernatant- 
containing colloid was used for DNA and RN.A. determinations. Since no DNA and an 
insignificant amount (0.13 pg./equivaicnt I mg. wet tissue) of RN.4 was found in the 
colloid, the analysis of nucleic acids of the homogenate can be related to cell mass. 


RESUI/rs 

The effects of thyrotropin, thyroxine, and thionracil on the nucleic acids of the 
ffuinca pig thyroid gland 

Thyrotropin-treated animals. In tlie tlD'rotropin-treated animals, the 
average wet weight of the tlijwoid increased 128%, wliile total cell mass of 
tJie gland increased 330%. The cell population density was decreased 19%. 
The average cell height was increased 246%. The DNA per unit weight of 
wet tissue was slightl 3 '' increased (10%) while DNA calculated per unit 
weight of cell mass was markedlj'’ decreased (41%). Finall}^ the total DNA 
per gland was increased 150%. 

The increase in total cell mass along with a decrease in cell population 
density indicate hypertroph}^ of thjyoid cells, for as cjToplasm volume in- 
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creased, the cell and nuclear population densities naturall}' tended to de¬ 
crease. Furthermore, the hj^pertrophy of the cell is evident from the pro- 
portionall}' greater increase in total cell mass (330%) than in total DXA 
per whole gland 

/increase in total cell mass = 330% \ 

\ increase in total DXA = 150% / 

Therefore this ratio (2.2) is an index of relative cell enlargement. The 
hypertroph.y of the cells is responsible for a great decrease in DX^A per unit 
weight of cell mass. 

The inconsistenc}' of an increase in DNA per unit weight of wet tissue 
coexisting with a decrease in cell population density, apart from a techni¬ 
cal error, could be explained by an increased number of cells with polyploid 
nuclei, i.e., nuclei undergoing mitosis. This phenomenon does not repi-e- 
sent a specific effect of thjuotropin on the nuclear content of DX'A of each 
individual thjnoid cell, since it has been observed in other growing tissue, 
such as in the nuclei of the regenerating liver (15). Therefore, these data 
suggest that the nuclear content of DNA does not change under thyro¬ 
tropin stimulation. 

The RNA per unit weight of wet tis.sue was consideral)ly elevated 
(1-1G%), but the increase in RNA per unit of cell mass was less marked 
(32%). The increase in total RNA per gland was 463%. 


Table 1. Data on celi. height, structure, cell population density 

AND UPTAKE 01’ THE THYROID GLAND 



Average 

ecll 

height, H 

Thyroid 

ecll 

% 

i 

FoKirlo 

.‘?j)acc 

% 

' Cell 

popnlation 

r,, 1 density I'l" np- 

factor = take% 

■O’ (nnmher of of do^c 

nnclei/ 

S1..500 ,in 

Control 

:?.7 

(0.2) 

2!). 1 
(l.S) 

.50.7 

20.1 317 l> 7 

1 (121 

Thyiolroiiin 0.5 
sc/(l:iv 
for 1-1 (lays 

12.S 
(O.S) 

+210% 

54.7 

(3.5) 

+87% 

24.S ’ 

1 

1 

-51% 

' 20 .5 ' 2S2 01 S 

i (12) 

+2% ' -10% +S07% 

I-.'-odiuin 

tliyroxino 

100 HP,, sc/dav 
for 1-1 dnys 

3.-1 

(0.3) 

-s% 

33. S 
(2.4) 

+ 10% 

1 4S.4 

— 5% 

1 17.S 374 1 II 

! -11% +8% -8.5% 

Control 

0.2 

(0.7) 

30.4 ! .52.0 10.7 2.57 1 '' 

(1.0) ; , (18i 

Thionracil 0.2% 
ill food for!)0day.<! 

12.5 

(O.-l) 

+ 1-10% 

-1,5.5 ' 32.2 ' 22.3 211 IS .5 

tt).5) 1 |10> 

+ 50% -30% +31% -0% - 2S5- 


t isuiK". in inircntlii'sps nrc stninlard error's. 
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The increase in total ENA (463%) over the increase in average weight 
of the gland (128%) in the th.vrotropin-treated animals 

increase in total RNA = 4(53% 
increase in gland weight = 128% 

appeared much greater than when correlated with the increase (330%) in 
total cell mass 

increase in total ENA = 4G3% 
increase in total cell mass = 330% 

The latter ratio (1.4) serves as an index of tlie change of RNA concentra¬ 
tion per unit weight of cell mass. The average amount of ENA per cell 
showed an increase of 125%. The increase in ENA per cell is proportionall}" 
greater than the increase of protoplasm in the cell 

/ increase in total RNA = 4G3% \ 

Vincrease in total cell mass = 330%/ 




and therefore the concentration of ENA in t,he th.yroid cell is increased 
compared to the control gland. These data suggest that RNA is increased 
in the th.yroid cell stimulated by exogenous thyrotropin. The inci’ease in 
ENA is less marked when related to the unit weight of cell mass than to 
the unit weight of whole tissue. The increase in total ENA is proportionally 
greater than the increase in total cell mass. 

Thyroxine-injccicd animals. In the thyroxine-injected animals, the aver¬ 
age weight of the thyroid was decreased 32% and the total cell mass of the 
gland decreased 21%. The average cell height was slightly decreased 
(8%). The cell population densitj"- showed a small increase (8%). The 
DNA per unit weight of wet tissue was increased (14%) while DNA 
per unit weight of cell mass was not significant!}" changed ( — 2%). The 
total DNA per gland was decreased 23%. The decrease in total cell mass 
along with slight increase in cell population density suggest a very small 
decrease in size of thyroid cells. Furthermore the small decrease in size of 


Table 2. Data on weight, water content, DNA and RNA of the thyroid gland 


Thyroid 
average 
weight, ing 


Water % 


DNA, 
>ig./ing. 
wet tissue 


DNA, 
,ig./mg. 
cell mass 


RNA, 
/»K- /me- 

wet tissue 


RNA, 
t‘B. /ii'B- 
cell mass 


RNA/DNA, 

(ig./wet 

tissue 


Thyrotropin 
0.5 U.S.P. sc/day 
for 14 days 
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th 3 Toid cells is evident from the essentiallj'^ equal decreases in total cell 
mass ( — 21%) and in total DNA per gland 


decrease in total cell mass — 21% 
^ decrease in total DNA — 23% 



this ratio (0.9) being an index of relatNe cell size. The decrease in average 
weight of the th 3 ’roid was more due to decreased water and colloid content 
of the tissue than to atroph 3 ’- of the cells. The increase in DNA per unit 
weight of wet tissue is a relative one and is due to the relative increase in 
cell population densit 3 ^ This is supported b 3 " the fact that there was no 
significant change in DNA per unit weight of cell mass. These data suggest 
that the nuclear content of DNA does not change in the absence of tlDU'o- 
tropin stimulation. 

The ItNA per unit weight of wet tissue was markedl 3 ' decreased (41%) 
and the decrease in RNA per unit Aveight of cell mass was similarl 3 ' 49%. 

The similarit 3 ’ of these two forms of expression merel 3 " shows that the 
proportions of histological constituents did not change compared to the 
control gland despite a definite decrease in average weight of the gland 
(32%). The total RNA per gland decreased 60%. The decrease in total 
RNA per gland (60%) was greater when compared to the decrease (32%) 
of average weight of the gland 

/ decrease in total RNA = 60% ^ \ 

\ decrease in gland weight = 32% / 

and this ratio was smaller than when the change of RNA was compared 
with the change ( — 21%) in total cell mass 


decrease in total RNA = 60% 
.decrease in total cell mass = 21% 



The latter ratio (2.9) is an index of the change of RNA concentration per 
unit weight of cell mass. The RNA per cell showed a decrease of 4S%. The 
decrease in RNA per cell is proportionalh’^ greater than the decrease of 
protoplasm in the cell 


/ decrease in total RNA = 60% \ 

Vdecreaseiji total cell ma-ss = 21%/ 

and therefore the concentration of RNA in the cell is decreased when com¬ 
pared to the control gland. 

These data suggest, that in the absence of thyrotropin stimulation the 
RNA is decreased in the tlyvroid cell. The decrease in RNA was ver 3 ' .simi¬ 
lar whether related to the unit weight of cell mass or to unit weight of wet 
tissue. The decrease in total RNA per gland was proportionally greater 
than the decrease in total cell mass. 
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Thiouracil-fed animals. In the thiouracil-fed animals, the average weight 
of the tliyroid iiicreased 314%, and the total cell mass of the gland in¬ 
creased 519%. The average cell height increased 140%, the cell population 
density was not significantly changed (-6%). The DNA per unit weight of 
Avet tissue Avas not significantly changed ( — ■!%), AA’hile the DNA per unit 
Aveight of cell mass considei'ably decrea.sed (36%). The total DNA per 
gland increased 299%. The increase in cell mass AAuth no significant change 
in cell population density indicate hj'pertrophy of thyroid cells. The hyper- 
troph}" of thyroid cells is eAudent from a proportionally greater increase in 
total cell mass than in total DNA per gland 

/increase in total cell mass = 519% \ 

V increase in total DNA = 299% / 

The h 37 Dertroph 3 ^ of the cells is responsible for the deci-ease in DNA per 
unit AA'eight of cell mass. The DNA per ruiit AA-eight of AA'et tissue and the 
cell population densit3’^ Avere in agreement and their decrease A\-as not signifi¬ 
cant. Therefore, these results .suggest that the nuclear content of DNA is 
not changed AAdien the secretion of endogenous tln-rotropin is increased. 

The RNA per unit Aveight of Avet tissue AA’as eleA^ated 54%, but the in¬ 
crease in RNA per unit AA-eight of cell mass of the gland AA-as not significant 
(3%). The total RNA per gland increased 538%. 

The increase in total RNA (538%) compared to the (314%) increase in 
aA^erage AA-eight of the gland 

/ i?icrease in total RNA = 538% ^ _\ 

Vincrcasc in gland Avcight = 314% / 

Avas larger than Avhen correlated A\’ith the increase (519%) in total cell mass 


increase in total RNA = 538% 
increase in total cel! mass = 519% 



The latter ratio of approximate unit 3 ' indicate that the total RNA in¬ 
crease paralleled the increase in the total mass of protoplasm. The average 
RNA per cell AA^as increased 60%. IIoAA''eA'^er, the increase in RNA per cell 
AA'as proportional^^ similar to the increase of protoplasm in the cell 

/ increase in total RNA = 538% \ 

Vincrease in total cell mass = 519%/ 

and therefore the concentration of RNA in the th 3 n‘oid cell has not in¬ 
creased. 

These data suggest that RNA is increased in the th3noid cell stimulated 
b3^ increased secretion of th3n’otropin. The increase in RNA is not signifi¬ 
cant AA^hen calculated per unit AA-eight of cell mass; for the increase in total 
RNA per gland is proportionally equal to the increase in total cell mass. 
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Table 3. Data on calculated total thyroid cell siass; DNA and RNA in- 

whole WET TISSUE, cell MASS AND IN INDIVIDUAL CELL 



Calculated 
total thyroid 
cell mass, 
(niR.) =(% of 
: cells X aver, 
gland eight) 

DNA/nig. 

gland 

xio-t^g. 

1 

Total 

DNA/ 

gland 

XIO-'K- 

j 

RNA/mg. 
gland 

xio-«g. 

RNA/mg 
thyroid 
cell mass 
XIO «g. 

Total 
RNA 
/gland 
XIO 6g. 

Calculated 
total No. 
of thyroid 
cells X106 

RNA/cell 
X10-i2g. 

Control 

13.8 

4.73 

225 j 

1.96 j 

6 7 

93.1 

38 

2 4 

TSH 

50.4 

5.18 

562 

4 83 

S 8 

524 

95 

5 5 

0.5 U.S.P. sc/day 
for 14 days. 

+330% 1 

+10% 

+150% 

+ 146% 

+32% 

+463% 

+150% 

+125% 

!-sodium thyroxine 

10.9 

5 40 

174 

1 16 1 

3 4 

37.4 

30 

1 3 

100 me, pc/day 
for 14 days 

-21% 

+14% 

-23% 

-41% 

-49% 

-60% 

-23% 

-48% 

Contiols 

23.1 

4.99 

379 

2 09 

6.9 

159 

64 

2.5 

Thiouracil 

142.9 

! 4.80 

1508 

3 22 

7 1 

1011 

256 

4 0 

0.2% in food 
foi 90 days. 

+519% 

-4% 

+299%, 

+54% 

+3% 

+538% 

+299% 

+60% 


The RNA/DNA ratio was increased 127% in th 3 Totropin-treatecl and 
60% in thioiiracil-fed animals, while in thjn-oxine-injected animals it was 
decreased 46%. The same changes in HNA/DNA ratio are obtained if 
PvNA and DNA are expressed per unit of cell mass. 

The uptake of the thju'oids was greatl}'' increased in tlD'rotropin- 

(rented and veiy decreased in the thjn-oxine-injected animals. The in¬ 
creased uptake in thiouracil-fed animals was due to increased trapping of 
inorganic P®', without formation of significant amounts of protein-bound 
P'” (0.2%), and bji chromatograph}^ of trypsin-digested thyroid homogen¬ 
ate practically all P^^ was found to be iodide. 

DISCUSSION 

The data indicate that histological structure should be considered in the 
evaluation of chemical assays on a non-solid organ, such as the thyroid 
gland. AYhen expressed in the conventional manner per unit wet weight of 
thyroid tissue or per whole gland, chemical analyses may be misleading. 
For example, the cell mass in the experimental thyroids of this study 
ranged from a low of 29.1% (control) to a high of 54.7% (thyrotropin- 
treated) so that a direct comparison of chemical assays on one mgm. 
samples of these two glands would be made upon unequal samples of proto¬ 
plasm. Phis is also evident from the differences of percentage changes of 
HNA as expressed per unit weight of whole ti.ssue, per unit weight of cell 
mass and per whole gland and illustrates how comparisons are actuall}' 
made on different volumes of protoplasm. 

These results suggest that thyrotropin does not affect the nuclear con¬ 
tent of DNA. The change in DNA per unit weight of wet tissue or per 
whole gland under the stimulation of increased amount of exogenous or 
endogenous thyrotropin reflects an absolute increase in the number of 
cells. 1 he increase in concentration of DNA in the absence of thyrotropin 
(m thyroxine-injected animals) corre.sponds with the relative increase in 
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numlDer of cells chie to shrinkage of follicles and stroma, while the decreased 
DNA content per whole gland suggests a decrease in total number of cells. 
The greater increase in DNA per Avhole gland of thiouracil-fed animals 
than in thyrotropin-treated animals (229%: 150%) most probably means 
that hyperplasia of thyroid cells is greater in the former than in the latter 
group. The polyploidy of the nuclei is not significantly responsible for the 
increase of total DNA in thiouracil-fed animals because Santler (16) ob¬ 
served si.x mito.ses/300,000 cells in control, and onl}’^ one mitosis/S00,000 
cells in thyroid glands of rals fed thiouracil for 30 days. Since in this experi¬ 
ment animals Avere fed thiouracil for 90 daj\s, probabl}" a relatively small 
number of cells was undergoing mitosis at the time of sacrifice. On the 
other hand, the greater hypertropIi 3 '^ of cells in the thju’otropin-treated 
group than in the thiouracil-fed animals is corrol^orated bj'^ a correlation of 
change in total cell mass of the gland with the change in total DNA per 
gland, 

/increase in total cell mass = 330% ^ \ 

\ increase in total DNA = 150% / 

in the thyrotropin-ti'eated, and 

/increase in total cell mass = 510% \ 

\ increase in total DNA = 299% / 

in the thiouracil-fed animals. Therefore, these data suggest that during the 
short Imt ver.A' intensive stimulation of the tlDU’oid bj' thyrotropin, the 
hypertroph.y of cells contributed relativel}' more than h^^perplasia to the 
enlargement of the gland. 

These data also suggest that the stimulation of the in¬ 

creased amounts of exogenous and endogenous thyrotropin is intimately 
associated AAuth an increase of total KNA per gland. This is also evident 
bj" a great decrease in RNA in the absence of th 5 Totropin stimulation as 
observed in th 3 U-oxine-injected a 2 iimals. 

The effect of th 3 a’otropin on RNA is much less pronounced if the RNA is 
related to the unit AA^eight of cell mass of the gland rather than to the unit 
Aveight of Avhole, Avet tissue. The data also shoAV that the increase in RNA 
Avas smaller AAitli prolonged stimulation b3'’ endogenous th3a'otropin than 
in short-term and intensive stimulation AAuth exogenous th 3 u-otropin. The 
smaller increase in the RNA of thiouracil-fed than of th 3 u-otropin-treated 
animals could conceiAmbl 3 ^ be due to an inhibitoiy effect of thiouracil per sc 
on the s 3 mthesis of RNA, as has been obserA'-ed in tobacco mosaic virus 
(17) and bacterium coli (IS). HoAA^eA’^er, since RNA is related to protein 
S3mthesis and groAvth of the cells, it is difficult to reconcile this explanation 
AAuth the fact that the increase in aAmrage Aveight of the th3n-oid Avas greater 
in thiouracil than in th 3 n’otropin-treated animals. Therefore, it is probable 
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that thiouracil per se does not significantly inhibit the synthesis of RNA 
in the thyroid gland. 

The present observations of: 1. a relativelj’^ constant DNA content of 
individual nuclei; 2. increases or decreases of RNA in activated or inacti¬ 
vated thjToid cells respectivel 3 '- were not reported in previous studies on 
nucleic acids in the th 3 "roid gland b 3 '^ Denipse 3 " and Singer (1); Reich (2); 
Roels (4); and Rerabek and Rerabek (5); and Van Erkelns (7). The re¬ 
sults of present studies are essentiall 3 ’- in agreement with the observations 
of Suzuki (6); Alfert, Bern and Kahn (3); and Fiala, Sproul and Fiala (S). 

Close quantitative comparisons of the results of previous and present 
studies are not possible because different laborator 3 ’^ techniques were used 
and in none of the previous studies were correlations made between the 
chemical change of nucleic acids and the change of the structure of the 
tl^Toid gland. 
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LIMITATIONS OF THE CHICK RADIOPHOSPHORUS 
UPTAKE ASSAA^ AND THE CHICK RADIOIODINE 
DEPLETION ASSAY FOR TPIYROTROPIC 
HORMONE WHEN APPLIED TO 
BLOOD AND URINE^ ^ 

FKANCIS S. GREENSPAN and WILLIAM LEAF 
AA^itli tlie technical assistance of Felina Pasco 
Department of Medicine, Stanford University School of Medicine, 

San Francisco, California 

ABSTRACT 

'J’lu' cliick thjToifl P''- ujjtakc and P"** depletion methods for tlie bioassaj" of 
anterior pituitary thyrotropic hormone (TSH) have been applied to the meas¬ 
urement of TSH in human serum and urine. Although there are detectable levels 
of TSH in sera from some patients with my.xedcma, hyperthj-roidism, or e.xoph- 
thalmos, the levels in normal individuals are too low to measure accurately. 
'J'hc ultrafiltrate residue of urine contains a non-hypophyseal factor which 
stimulates the uptake of P^- by the chick thyroid, which imposes limitations on 
the application of the P^- uptake assay to urine. Urine ultrafiltrate residue also 
contains a non-hypoi)hyscal factor which interferes with the effect of TSH on 
I'®* deidction in the chick thjToid. Assay of 7ASH in human scrum or mine by 
these methods will require, therefore, either concentration of TSH from scrum 
or elimination of interfering factors from urine. 

T he uptake of racliopliosphoriis (P^^) by tlie tliyroid gland of the chid 
and the depletion of radioiodine (P^^) L-om the chick thyroid ha\' 
been developed into simple and sensitive procedures for the bioassa}' c 
anterior pituitaiy thyrotropic hormone (TSH) (1, 2, 3, 4). These method 
are adaptable to a 4- oi' 6-point bioassay design (5) which may then b 
applied to the measurement of TSH in human serum and urine. Substance 
interfering with the bioassay of TSH have been found in serum b}^ Poste 
(6) and in urine b}^ Greenspan et al. (7) and Starr et al. (S). This repor 
deals with the limitations of the chick P^- uptake assa}" and the chick P' 
depletion assay, as applied to blood and urine, because of the presence o 
nonspecific reactive substances and interfering substances. 

MATERIALS AND METHODS^ 

Blood: Fresh or frozen sera, or blood specimens prepared by the method of dc Robert! 
(9), were e.xamined. 

1 This work was supported in part by Grant Number A-56S from the National Institut' 
of Arthritis and Metabolic Diseases, Public Health Service. 

2 Presented to the American Goiter Association June 18, 1958. 

® TSH standard preparation Lot No. 6, used in these experiments, was kindlj" sup 
plied by Armour Laboratories, Kankakee, Illinois. 
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Urine: Twenty-four lioiir specimens of urine, collected under refrigeration, were ultra- 
filtered through a 2% collodion membrane according to the method of Gorbman (10). 
'J’lie membrane n-as removed with anhydrous alcohol-ctlier and the dried ultrafiltrate 
rp.sidue (UFE) was dissolved in saline prior to assay. In the presence of a small amount 
of carrier ])rotcin, quantitative recovery of purified TSH was achieved by ultrafiltration. 
The dose of urine UFR is e.xpresscd in “hours,” i.e., one hour of urine UFE represents 
] /24 of a daily urine collection. Twenty-four hours of human urine UFR contained about 
50 mg. of protein, as well as small amounts of Na, K, Mg, and Ca. Doses of 4 hours of 
human urine UFR produced no evident toxic effects in recipient chicks. 

The uptake assay: The details of this assay, based upon the uptake of P^- b}" the 
chick thyroid 6 hours after intracardiac administration of TSH or test substance, have 
been reported (1). The response is e.xpressed as Vt, where t equals the time required to 
count 1024 counts per thj-roid. Increased P^- uptake induced by TSH is indicated by 
decreased \/t. The useful range of the assaj- is 0.25 to 5 milliunits of TSH (1 milliunit, 
abbreviated “mu.” equals 0.001 U.S.P. unit of TSH). The precision of a series of assaj-s, 
using groups of 5 chicks per dose, was indicated by a mean lambda of 0.34. 

The depletion assay: The method of Bates and Cornfield (4), based upon the dc- 
])lction of from the thyroid glands of chicks treated with thryoxine and propylthio¬ 
uracil, was found satisfactory only with chicks having a high spontaneous uptake of 
P’k'‘ The response is expressed as per cent of the initial content of I'*' remaining 24 hours 
after subcutaneous administration of test substances. Increased TSH potency is indi¬ 
cated by decreased per cent remaining. The useful range of the assay was 1 to 16 
mu. TSH, and with groups of 5 chicks per dose the mean lambda for a series of assaj's 
was 0.22. 

Other methods of study: Twenty-four hour P’* uptakes were determined in thyroxine 
treated chicks after 2 days of administration of test substances. Histological e.xamination 
of chick thyroids was made after 3 days of administration of test substances. These 
techniques were comparatively insensitive to TSH but were useful to demonstrate sub¬ 
stances interfering with TSH. 


RESULTS 

Allan pis to assay TSH in sa'uvi 

Limitations of the uptake assay: AVe wej'e iinal^le to detect TSH ac¬ 
tivity in serum from normal sulrjects, patients with Gra^'e.s’ disease, or 
patients with malignant exophthalmos. TSH was not detectable in l^lood 
processed b.y the method of de Robertis (9) nor in serum protein fractions 
prepared by continuous flow paper electrophoresis according to the method 
of Durrum (11) (Table 1). Although the P^- uptake assaj' will detect 0.25 
mu. of TSH, intracardiac injection of test substances limits the injection 
volume to 0.1 cc., so that the minimal detectable amount of TSH in un¬ 
concentrated serum would be 2.5 mu. per ml. Application of this a.^saj' 
technique to untreated serum is limited to specimens containing veiy high 
levels of TSH. 

Limitations of the 7*®' depiction assay: This assaj' will usuallj' detect 1 
mu. of TSH; and since a maximum of 2 ml. of serum can be administered 

liitc leghorn cockerels, obtained from Kimber Hatchery, Xilc.s, California, were 
satisfactory until .Tune 1958, when P^' uptake diminished due to addition of iodide to 
the diet. 
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Table 1. The eeeect of human sebum and blood fractions on 
UPTAKE of chick THYROID 


Source of serum 
or blood 

Dose,t 

ml./ 

chick 

P^^ uptake response* * * § 

Serum or 
blood 

V't -1-2 SE 

Control 
^/t + 2 SE 

TSH standard 

Dose, Response, 
mu.J Vt-f 2 SE 

Normal serum 

0.1 

' 11.94±0.82 

12.27 + 1.21 

0.5 

10.15 + 1.13 

I'lxophthalmos serum 

0.1 

10.80+0.32 

10.61 +1.19 

0.75 

7.89+0.67 

Hyperthyroid serum 

0.1 

12.59+0.63 

12.30 + 1.05 

0.5 

10.93+0.47 

Normal blood,§ 85% ace- 






tone preciiiitate 

0.5 

10.15±1.00 

11 .57 + 1.30 

2.0 

7.29+0.82 

Normal serum:1| 






Albumin 

0.13 

10.01 ± 0.20 

11.07 + 1.28 

0.5 

11.00 + 1.21 

a-t-d Globulin 

0.13 

10.92+0.60 


1.5 

8,67 + 1.02 

7 Globulin 

0.17 

11 . 21 + 1.00 


4.5 

0.90±1.11 


* Response expressed as \/t, wliere t equals time to eoimt 1024 cts. per thyroid. 

Values represent mean ±2 standard errors for groups of 5 cdiiclcs. 

t Dose of fresh serum, or the amount of blood or scrum represeutod by 0.1 ml. of concen¬ 
trate. 

I 1 mu. TSH equals 0.001 U.S.P. unit of TSH. 

§ Blood processed by method of de Robertis (0). 

II 2.5 ml. serum fractionated bv continiioiis flow pajier electrophoresis method of Durriim 

(II). 


to the chick sulicutaneoiisl}’, the minimal detectable concentration of TSH 
in serum would be 0.5 mu. per ml. The concentration of TSH in serum 
would have to be considerablj^ higher than this to permit application of a 
4-point bioassa}' procedure. Table 2 shows the results of a series of assays 
in ndiich the H’* depletion response of 2-ml. portions of serum from vari- 

Table 2. Activity of sera from variou.s patients in the 1'“' 

DEPLETION ASSAY 


Patient 


I”' depletion response* 


DiJignosis 



Control, 

1 

TSH, 

, 1 

mu. 

Ser 

um, 

2 ml. 




Sex 

Age 

%R 

±2SE* 

%R: 

+ 2 

SEt 

% 

R± 

2 SE 

14 . VIUUU 

Normal 

F 

30 

86 

.4+3. 

,0 

06 

.5 

+ 

5 

.8 

82 

.s± 

2 

.8 

> 

.05 


F 

31 

79. 

.5+3. 

2 

78. 

.5 

+ 

3 

.4 

SO 

.9± 

5 

.0 

> 

.05 


F 

44 

88 

.8+4, 

0 






78 

. 6 ± 

7 

.0 

> 

.02, < .05 


IM 

38 

84, 

. 6 + 2 , 

4 

72, 

.3 

± 

8 

.2 

72 

.9± 

11 

.0 


.05 


iM 

! 30 

92, 

.2+7. 

0 

77. 

.6 

+ 

8 

.2 

S3 

.3± 

1 

.5 


.05 

Myxedema 

F 

50 

84 

. 6 + 2 . 

,4 

72 

,3 

± 

8 

.2 

76 

.7± 

7 

.4 


.05 

F 

55 

100 , 

, 8 + 0 . 

4 

92, 

,4 

+ 

6 , 

.4 

80, 

.4± 

5 

.2 


.01 


F 

50 

85, 

,0+3. 

2 

70. 

,5 

+ 11 , 

■4 

75. 

. 0 ± 

11 , 

.4 

> 

.05 


F 

52 

86 , 

.5±4. 

2 

75, 

.4 

+ 

5 

.8 

74, 

. 2 ± 

11 , 

. 2 § 

> 

.05 

Graves’ Disease 

F 

38 

100 , 

, 8 + 0 . 

4 

92. 

,4 

+ 

0 , 

,4 

90. 

,4± 

0 . 

,8 

>. 

,05 


F 

1 

100 , 

. 8 + 0 . 

4 

92, 

,4 

+ 

6 . 

,4 

84. 

1 

, 8 ± 

5. 

0 

<, 

01 

IMalignant Exophthalmos 

M 

50 

92, 

.0+3. 

4 

84. 

,1 

+ 

2 . 

0 

76. 

7± 

1 . 

5 

< . 

01 

M 

30 

74, 

.7 ±7. 

8 

77, 

.6 

± 12 , 

,4 

67. 

7 ±. 

11 . 

5 

> . 

,05 

Pituitary Myxedema 

F 

71 

85, 

.6+3. 

2 

76. 

,5 

±1 

il. 

2 

84. 

0± 

3. 

8 

>. 

,05 


* Response (%R) expressed as % initial thyroid content of remaining 24 houis after 
test substance, mean ±2 standard errors for groups of 5 chicks. , , ^ , ,i 

f This is a single point from the TSH dose response curve presented to indicate tlie ei 
Livity of the assajL 1 mu. TSH equals 0.001 U.S.P. unit of TSH. 

t P value for comparison of serum group with control group. 

§ Response to 0.6 ml. serum. 




January, W59 


TSH BIOASSAY 


163 


ous patients was compared with a TSH standard curve run simultaneoush'. 
Sera from normal subjects revealed barelj’ significant depletion activity. 
Although it is not obvious from the individual assays, it can be shown bj' 
pooling the data that sera from patients with myxedema, Graves’ disease, 
and malignant exophthalmos were more active, but the activity was still 
not high enough to permit utilization of a 4-point bioassay procedure. 
Thus, even with the increased precision achieved bj’^ use of larger groups of 
animals, it is apparent that the depletion assay is also limited to sera 
containing high levels of TSH. 



DOSE URINE EXTRACT, HOURS 
DOSE TSH. MILLIUNITS 

Fig. 1 . Effect of TSH and urine UFR on P^- uptake ass-ay. Each point rejiresents moan 
response ±1 standard deviation for group of 5 chicks. In this and in succeeding charts, 
die dose of urine UFR is expressed in hours, where 1 hour equals 1 24 of a daily urine 
collection. 


Attempis to assay TSH in nrinc nttrafillraie residue 

Linniafions of the P^- uptake assay: We have found that urine UFR from 
all subjects tested stimulated the uptake of P^- bj- the chick thyroid. Speci¬ 
mens of urine UFR from normal individuals were quite active in the P'- 
uptake assay, but the dose-response curves were flat (Fig. 1). In GO assay.-^ 
of urine UFR from various patients, the slopes of the urine curves were 
significantly less than the slopes of the standard TSH curve.'^. This sug¬ 
gested that the factor in urine UFR active in the P^- uptake assay was 
different from TSH or that some interfering factor was present. Specimens 
of urine UFR from 5 patients with clinical and laboratory evidence of 
panhypopituitarism were found to have considerable activity in tins 
a.ssay (Table 3). In these subjects, we did not have autopsy proof of the 
completeness of hypophysectomy. However, we have assayed samples of 
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Table 3. Efeect of urine UFR from patients with panhypo¬ 
pituitarism ON the uptake of chick thykoihs 


Pa¬ 

tient 

Clinical diagno.'^i.s* 

Conlrol 
re.sjion.se, 
V't±2 SEt 

TSII 

do.se, t 
mu. 

TSII 

rospoiiso, 

Vt±2SEt ' 

1 

UFR 

do.se, 

“hrs.” 

UFR 
re.sjjon.se, 
x/t±2 SEt 

Don 

Craniopharyngioma i 

15.23+0.81 

0.75 

11.49±1.24 

3.0 

11.08 + 1.34 

Tak 

CraniopharA’Hgioma | 

10.41 +0.GG 

0.75 

9.13±0.71 

1.5 

8.33±0.G8 

McC 

Chromophobe adenoma 

13.G1 +1.91 

0.75 

10.73±1.21 

1.5 

8.95±0.G1 

Bas 

HvpophA’.scc(omA’§ 

13.71 +0.75 

0.75 

9.G7±1.19 

1.5 

7.8G±1.13 

Zwy 
' 1 

H3'i)opli3'scctomy § 

13.71 +0.75 

0.75 

9.G7±1.19 

1.5 

9.G7±1.27 


* All piitients had clinical and laboraloiy evidence of thyroid insufficiency with panhypo- 
pit nitarism. _ 

t Response expressed as \/t, where t equals time required to count 1024 cts. per thyroid, 
±2 standard errors. Groujis of 5 chicks per dose. 

X This is a single point from the TSH dose response curve presented to indicate the sen.si- 
tivity of the assay. 

§ Patients with advanced breast carcinoma hypoph.ysectomized by irradiation with deii- 
teron beam. Specimens were obtained through the kindness of Dr. J. N. Lawrence, 14onner 
Laboratory, University of California, Berkeley, California. 


urine UFR from normal and totall}^ bypophysectomized dogs® and have 
found considerable aclivit)^ in each. The dose-response curves from such 
an assay are presented in Figure 2. Urine UFR from both the normal and 
the lyypophysectomized dog contained essentially the same activity in the 
uptake assa 3 ^ Within the range tested, there tvas no increase in re¬ 
sponse with increased dosage. This effect is considerably different from 
that of TSH. These findings suggest that there is in urine UFR a non- 
hypophyseal factor which stimulates the uptake of by the chick thj’’- 
roid. This greatly interferes with the application of tlie P®' uptake assay 
to the study of TSH in urine. 

Limitations of the uptake assay: Urine UFR from normal subjects 
was consistently active in the depletion assay, whereas urine UFR 
from patients with panhypopituitarism was inactive. However, the dose 
response curve of human urine UFR in this assay was invariably flatter 
than the TSH curve (Fig. 3). Furthermore, when urine UFR was adminis¬ 
tered to the chick in a separate site but simultaneous^ with TSH, the 
resultant P®' depletion dose response curve Avas significantly modified 
(Fig. 3). These findings indicated the presence of a factor in normal human 
urine UFR Avhich interfered with the effect of TSH upon the discharge of 
from the chick thyroid gland. Urine UFR from normal and h^ypoplij"- 
sectomized dogs Avas similarly studied. Urine UFR from normal dogs Avas 
usually active in the depletion assay although the dose-response cm ve 
was flat. Urine UFR obtained from bypophysectomized dogs con¬ 
sistently inactive. This confirmed our observations on human urine ^ ^ ’ 
and also implies that the P®' depletion response is probably more specific 
for TSH than the P®^ uptake response. When urine UFR from normal or 
hypoph 3 ^sectomized dogs aa^s administered to the chick in sepaiate sites 

* These specimens Avere kindly supplied by Dr. W. F. Ganong, Department of Ihysi- 
ology, UniA^ersity of California School of Medicine. 
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Fig. 2. Eflect of urine UFR from Iiypophysectoinizecl and normal dogs in P’- uptake 
a^sa.v. Eacli point represents mean ± 1 standard deviation for group of 5 chicks. 


but .simiiltaneousl}" with .standard TSH, tiie expected TSH-induced 
depletion response was partially inhibited (Fig. 4). Although in this experi¬ 
ment there was no spontaneous TSH-like activity in the urine UFR from 
either the normal or the hj^poplij'sectomized animal, 2 hours of urine 
UFR clearly interfered with the activity of 4 mu. of TSH. A similar type 
of interference with TSH action was obtained when 1'^' uptake was studied. 
In chicks with a low spontaneous uptake,® administration of 50 mu. 



Fig. 3. Separate and combined effects of normal human urine UFR and TSH in I^'de- 
jilction ass.ay. Eacli point represents mean ± 1 standard deviation for group of 5 chicks. 

' Y lute Leghorn cockerels witli low I*’* uptakes wore obtained from Poehlmann 
llatclieries, Petaluma, California. 
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of TSH induced a significant increase in uptake. This effect of TSH was 
completely blocked by the simultaneous administration of 2 hours of 
urine UFR from normal or hypophysectomized dogs (Fig. 5). Comparable 
effects were obtained with urine UFR from normal humans. 

Urine UFR from human subjects was also able to block the effect of TSH 
on the histological structure of the chick tlDwoid. In this experiment, groups 
of 6 cliicks received dailj^ injections of 20 mu, of TSH, or 2 ‘diours” of 
human urine UFR., or both, for three da 3 's. Twent 3 "-four liours after the 
last injectioii the tlDwoids were removed for histological examination. 



TSH Normal N-OjjZhf HspoR H Do^ 2K, Normal N-De»)2Nr. Hrjpoi H-I>>ihr 

PosZlit TSH'tmo 0o,2hr TSH ^mu jOmu Do,2hc TSHPOnu Poi)2Kr TSH JOmo 


Fig. 4. Effect of urine UFR from nor- Fig. 5. Effect of urine UFR from nor¬ 
mal and hi'pophj’sectomized dogs in the mal and hypophysectomized dogs on the 
depletion assay. Each point represents I'*' uptake of chick thju’oids. Each point 
mean ± 1 standard deviation for a group of represents mean +1 standard deidation for 
5 chicks. a group of 6 chicks. 

Representative sections are presented in Figure 6. TSH induced marked 
cellular h 3 '^perplasia and loss of colloid. This was compIetel 3 '- blocked by 
the simultaneous administration of urine UFR. 

These data clearly^ indicate that there is in human and animal urine a 
factor which interfei’es with the action of TSH on the chick th 3 U’oid gland. 
Since it is present in urine from h 3 'poph 3 ''sectomized animals, it is not of 
h 3 ^poph 3 ''seal origin. The presence of this interfering factor limits the appli¬ 
cation of the depletion assays to urine. 

Aite?npts to separate TSH from interfering substances in human unne UFR 

Extensive studies have been made in an effort to separate TSH from 
interfering substances in urine UFR. No separation of these two activities 
could be made by treatment of urine UFR with heat, pepsin h 3 ulrol 3 ’sis, 
sodium periodate, acid h 3 ^drolysis, 10% trichloracetic acid extraction. 


X'^'OPrAKE % O/^ OOSB 
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Pig, 6 . Effect of TSH and human urine UFR on the histological structure of the 
chick thyroid. (Hemato.xylin and eosin stained sections magnified 220X.) 1. (Upper 
left) Control 2. (Upper right) 0.02 U.S.P. units of TSH daily for 3 days. 3. (Lower left) 
2 hours of UFR daily for 3 days. 4. (Lower right) 0.02 U.S.P, units of TSH plus 2 hours of 
UFR daily for 3 daj's. 

acid acetone or alkaline acetone fractionation, or separation between n- 
butanol and p-toluenesulfonic acid (12). We have recently applied the 
method of Bates and Condliffe (13), using decreasing concentration.^ of 
ethanol saturated with NaCl, to elute a mixture of urine UFR and filter aid 
(Ilyflo Super-ceP). Preliminaiy data indicate that bovine TSH may be re¬ 
covered at a concentration of 65% to 70% ethanol saturated with XaCl. 
Urine UFR also 3 delds an active fraction eluted at 70% ethanol-NaCI. 
Further studies are in progress to characterize the relative concentrations 
TSH and TSH interfering substances in these fractions. 

DISCUSSION 

Our data suggest that the levels of TSH in normal sera are below 0.5 mu. 
per ml., confirming the reports of Gilliland Strudwick (3), DiGeorge ci al. 
(14), and McKenzie (15). It is possible that high serum TSH levels in 
patients with my.xedema and exophthalmos can be determined by tlie 

• Kindly supplied by Johns-iManville Company, Xcw York 16, New York. 
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depletion assa}^ in a 4-point system, but the levels found in normal 
individuals are too low to measure by this method. We have evidence that 
large amounts of inactive serum protein will flatten the dose response 
curve of purified TSIi in both the uptake assay and the depletion 
assay. In addition, larger amounts of serum will probably reveal evidence 
of the factor interfering with TSH described by Postel (6). Isolation of 
TSH from serum ma}'' be difficult since Querido has reported that 2 sera 
fractionated by the Cohn technique yielded TSH activity in different frac¬ 
tions (16). Further stud}'' of serum fractionation is indicated, as is explora¬ 
tion of more sensitive methods of TSH bioassay, such as P^^ discharge in 
the mouse as reported by AIcKenzie (15) or I^^^ uptake of tissue culture 
preparations of guinea pig thyroid recently described by Bottari (17). 

The presence of a non-h 3 "poph 3 ^seal factor in human and dog urine 
UFR which is active in the P^^ uptake assa 3 ' is quite surprising. The stimu¬ 
lation of the uptake of P^’ in chick th 3 u-oid has been considered a specific 
effect of TSH (1, 2). Indeed, the onl 3 ’’ substance other than TSH and urine 
UFR active in this assa 3 ’’ has been cobalt (18). Studies on the distribution 
of P^^ in various phosphate-containing fi-actions of chick th 3 u-oid tissue 
processed b 3 '’ the method of Schneider (19) have revealed differences in the 
effects of these 3 substances. In these studies, chick th 3 U’oid glands were 
fractionated into acid soluble phosphorus (ASP), lipid soluble phosphorus 
(LSP), nucleic acid phosphorus (NAP), and phosphoprotein (PP). TSH 
markedl 3 ^ increased P^- uptake into all of these fractions. Cobalt induced 
a marked rise in P^- content of the ASP fraction with slight depletion of 
P^^ from the other fractions. Human urine UFR, like TSH, induced signif¬ 
icant increments of P^^ into all fractions, but there was a somewhat greater 
rise in the P^^ content of the ASP fraction, and a lesser rise in P^^ content of 
NAP. Thus the effects of urine UFR were intermediate between those of 
cobalt and TSH. The nature of the factor in urine UFR inducing this 
reaction will require further stud 3 ^ The presence of this factor in urine 
UFR presents, hoAvever, a definite limitation in the use of the P^“ uptake 
assa 3 ^ as applied to urine. 

The presence of a factor in urine which interferes with the action of 
TSH is of great importance in evaluating human TSH bioassa 3 ^ data. 
Since this factor is present in the urine of h 3 ''poph 3 "sectoniized dogs, it is 
not an inactivated or acet 3 dated TSH with blocking effect, as described b 3 " 
Sonenberg and Mone 3 '^ (20). It is present in urine extracts prepared b 3 " 
acetone precipitation (9), indicating that it is not an artifact induced 
b 3 ^ ultrafiltration. Data on urine levels of TSH reported by Bloch-Michel 
(21) and Currie (22) ma 3 '' have to be corrected for the presence of an intei- 
fering substance. This factor interfering with TSH is also of considerable 
theoretical interest. Although it ma 3 '’ represent some non-specific toxic 
effect of serum or urine, it could represent an extrapituitaiy mechanism 
for modif 3 dng th 3 a’oid function. If it can be separated from TSH in seium 
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or urine, we shall be able to determine more preciselj" its role in th 3 a-oid 
phj'siology. 
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THE ENDOCRINE SOCIETY 

1959 Annual Meeting 

The Forty-First Annual Meeting of The Endocrine Society will be held 
in the Haddon Hall Hotel, Atlantic City, New Jersey, Thursday, Friday, 
and Saturday, June 4, 5, 6, 1959. 

The Chairman of Local Arrangements is Dr. Matthew Molitch. 

Scientific Sessions will be held from 9:00 a.m. to 5:00 p.m. daily, and in 
addition there will be simultaneous afternoon sessions. The annual dinner 
is scheduled for Friday, June 5th at 7:30 p.m. preceded by cocktails at 
6:30 P.M. 

All members are urged to make their hotel reservations immediately. The 
Chalfonte-Haddon Hah Hotel wifi hoid 300 bedrooms for members until 
May 1, 1959, after which time the hotel will not guarantee further reserva¬ 
tions. Therefore it is imperative that 3 mu make ^mur reservations now 
directly with the hotel, advising them of time and date of arrival and de¬ 
parture. Make your resei’vations now and avoid disappointment. 

Final program, membership card and advance registration forms will be 
sent on May 1st 1959 to members whose current dues have been paid. 

Those wishing to present papers, which will be strictly limited to ten 
minutes, should send four copies of the title and abstract to the Vice- 
President, Dr. Frank Engel, Duke Hospital, Durham, North Carolina, 
not later than February 1, 1959. It is imperative that the abstracts be in¬ 
formative and complete with results and conclusions—not a statement that 
those will be presented at the meeting—in order that thej'- may be of 
reference value and suitable for printing in the program. The reading and 
processing of approximately two hundred abstracts submitted each year 
and compiling of the program from these involves a tremendous amount of 
time and effort on the part of the Program Committee. The Council re¬ 
quests that authors adhere strictlj'- to the following rules when submitting 
abstracts, otherwise thej^ cannot be considered: 

1. IT IS ASSUMED THAT ABSTRACTS SUBMITTED FOR THIS 
PROGRAM HAVE NOT AND WILL NOT BE SUBMITTED 
ELSEWHERE. 

2. Abstracts may not exceed two hundred words, or equivalent space, 
exclusive of title. No footnotes or acknowledgements to sponsors can 
be published. Reference, if used, must be placed in the body of the 
text. The abstract should consist of a single paragraph, if possible. 
Structural chemical formula cannot be used. 

3. The title heading must be arranged as follows: 

Line 1. Title, not to exceed fifteen words. 
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Line 2. Author/s. The name of each non-member author collaborat¬ 
ing with member-authors is to be followed by the phrase 
“(by imdtation).” Names of non-members who are intro¬ 
duced, i.e., who are not collaborators with member-authors, 
are to be followed by the phrase “(introduced by . . . ).” The 
principal degree, e.g., M.D., of each author should be written 
after his name. 

Line 3. Institution of origin and city in which institution is located. 

4. The body of the abstract, typed double space, should follow the head¬ 
ing. The original copy should be on bond paper. There should be 
three copies. 

5. Abstracts should be letter perfect, since there will be no opportunity 
for proof reading by the authors. 

1959 AWARDS 

The selection of the recipients of the awards of The Endocrine Society is 
made by a Committee appointed by the Council of the Society. These 
awards and fellowships carry no obligation by the recipient to the Society 
or to the donors. 

Feed Conbad Koch Award 

During the past year a substantial legac}”- has been bequeathed the 
Society by the late Elizabeth Koch for the purpose of establishing the 
Fred Conrad Koch Memorial Fund in memory of her late husband, dis¬ 
tinguished service professor of physiological chemistry at the Universit}'’ 
of Chicago and pioneer in the isolation of the androgens. This is to be the 
highest honor of the Endocrine Society and is to be represented b}^ a 
medal that is to be known as the Koch Medal of The Endocrine Society. 
The medal and honorarium of S3,500 is to be given annually to an indi¬ 
vidual for work of special distinction in endocrinolog 5 ^ 

The recipient shall be chosen from nominations presented by members 
of the Society and is limited to citizens of the United States and Canada. 
This award will replace the Medal of the Endocrine Society which was 
established in 1954 and presented to Dr. Carl Moore in 1955, Dr. Frederick 
L. Hisaw in 1956, Dr. Joseph C. Aub in 1957 and Dr. I. L. Chaikoff in 
1958. The Endocrine Medal replaced the E. R. Squibb Award which was 
formerly the highest honor bestowed by the Society. Past recipients of the 
Squibb Award Avere Dr. George W. Corner in 1940, Dr. Philip E. Smith 
in 1941, Dr. Fi-ed C. Koch, 1942, no award was given in 1943, Dr. E. A. 
Dois}"^ in 1944, Dr. E. C. Kendall in 1945, Dr. Carl 0. Hartman in 1946, 
Drs. Carl F. and Gerty T. Cori in 1947, Dr. Fuller Albright in 1948, Dr. 
Herbert Evans in 1949, Dr. C. N. H. Long in 1950, Dr. J. B. Collip in 
1951, Dr. James H. Means in 1952 and Dr. David Marine in 1953. 
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The Ciba Award 

The Ciba Award, to recognize the meritorious accomplishments of an 
investigator not more than 35 years of age in the field of clinical or pre- 
clinical endocrinology, was established in 1942, but no recipient was 
selected in 1942 or 1943. In 1944 the Award was presented to Dr. E. B. 
Astwood, 1945 Dr. Jane A. Russell, 1946 Dr. Martin M. Hoffman, 1947 
Dr. Choh Hao Li, 1948 Dr. Carl Heller, 1949 Dr. George Sayers, 1950 
Dr. Oscar M. Hechter, 1951 Dr. Albert Segaloff, 1952 Dr, Seymour Lieber- 
man, 1953 Dr. Sidney Roberts and Dr. Clara Szego (Mrs Roberts), 1954 
Dr, Isadore M. Rosenberg, 1955 Dr. Jack Gross, 1956 Dr. Alfred M. 
Bongiovanni, 1957 Dr. Nicholas S. Halmi, 1958 Dr. Monte Arnold Greer. 
Prior to 1952 the Award was 81,200. It has now been increased to 82.500. 

The Ayerst and the Squibb Fellowships 

The A 3 ''erst Fellowship was established in 1947 and the Squibb Fellow¬ 
ship in 1956. They are designed to assist men or women of exceptional 
promise in furthering their advancement towards a career in endocrinology. 
Each Fellowship is awarded on alternate years and the stipend, which 
will not exceed 85,000 may be divided into two Fellowships in varying 
amounts in accordance with the qualifications of the appointees. Indi¬ 
viduals possessing the M.D. or Ph.D. degi'ee, or candidates for either of 
these degi-ees, are eligible for appointment. 

Applicants must submit the following information; 

1. Evidence of scientific ability as attested by studies completed or in 
progress. 

2. Recommendations from individuals familiar with the candidate and 
his work, 

3. A proposed program of study. 

4. Acceptance of the individual bj'^ the head of the department in which 
the Fellowship will be held. 

5. A statement that he or she will serve full time if awarded a Fellow¬ 
ship. A small amount of time (10 to 15 per cent) may be spent in 
course work or participation in teaching, the latter purely on a volun¬ 
tary liasis. 

The Schering and the Upjohn Scholars of 
The Endocrine Society 

The Council of The Endocrine Society has established a categoiy of 
Scholars. These grants have been made available through the generosity 
of the Schering Corporation and the Upjohn Company, and will be 
awarded to established investigators and teachers in the field of endocrin¬ 
ology who wish to extend their opportunities for work either in this coun- 
ti'}'^ or abroad. 
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The awards will not exceed $2,500 annually for each individual and will 
be gi-anted on the basis of proposals submitted by the applicant. Such 
applications should include estimated financial needs. The funds ma 3 '^ be 
used for travel, maintenance and other expenses. 

Nominations 

Nominations for the Fred Conrad Koch Award; the Ciba Award; and 
the Ayerst and the Squibb Fellowships may be made bj”^ any member of 
The Endocrine Society. They should be submitted on forms which maj" be 
obtained from the Office of the Secretary, 1200 North Walker Street, 
Oklahoma City 3, Oklahoma. Completed nominations should be returned 
to the Secretary not later than October 15, 1958. 

Proposals for appointments as Scholars of The Endocrine Society should 
be made in writing by the individual, and addressed to the Secretaiy of 
the Society. Thej'^ should be submitted by October 15, 1958. 

The Awards Committee will meet in October and notice of awards to 
successful nominees and applicants will be made not later than December 
1st. 
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NEUROSECRETORY ACTIVITY IN RATS UNDER 
CONDITIONS OF CONTINUOUS 
LIGHT OR DARKNESS 

FISKE, VIRGINIA M.> and ROY 0. GREEP 

Biological Research Laboratory, Harvard School of Dental Medicine, 

Boston, Massachusetts 

ABSTRACT 

C 3 'tological stuclj' of the posterior pituitaiy and hj-pothalamic areas of 
male and female rats kept under usual laborator.v conditions (controls), in 
continuous light, or in constant darkness for eight weeks revealed differences 
in neurosecretory activit}'. While the paraventricular nuclei seemed to be un¬ 
affected bj’ the varied light treatment, the cells of the supraoptic nuclei were 
largest and appeared to most active in the lighted rats, smallest and least ac¬ 
tive in the rats housed in darkness. The amount of neurosecretorj' material in 
the iD'pothalamo-hypoph.vsial tract in two areas, namelj', in the region ventral 
to the supraoptic nuclei and in the median eminence, was estimated from serial 
sections. It was apparent that Gomori-positive substance was most abundant 
and occurred in larger clumi)s along the hypothalamo-hj’pophj’sial tract in the 
continuouslj’ lighted rats. It was least in amount in the rats kept in darkness. 

The neurosecretory material in the posterior lobe was plentiful in the controls, 
but was reduced in both the other groups. The Herring bodies in the lighted ani¬ 
mals were verj' small. 

In light-treated rats large amounts of neurosecretory- material appeared to 
be moving along the neurosecretory axones, while the pars nervosa of such ani¬ 
mals was relatively depleted of Gomori-positive substance. This suggests that 
under the influence of added lighting, the rat both secretes and releases in¬ 
creased amounts of neurosecretory material. 

At least a partial separation in function between the paraventricular nuclei 
and the supraoptic nuclei was indicated by the difference in response of these 
two nuclei. 

P REVIOUS work lias shown that light is an important extrinsic factor 
in the regulation of reproductRe activity in many vertebrates. There 
is also considerable evidence that added lighting increases the secretion 
and release of the follicle stimulating hormone (FSH) of the anterior 
pituitary in the rat. Continued exposure to light induces precocious sexual 


Received December 12. 1957. 
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maturit.y, followed in the female bj'- periods of persistent estrus (1, 2, 3). 
Stud}^ of several inammals indicates that the central nervous S 3 ^stem plays 
a role in these phenomena, since an intact retina and optic nerve are es¬ 
sential in the transmission of the light stimulus (4). More recently evi¬ 
dence has been presented which indicates that a neurosecretory link be¬ 
tween the anterior pituitary and the hypothalamus is also involved (5). 
The possibility that the neurosecretory cells of the supraoptic and para¬ 
ventricular nuclei are the source of such a neurosecretion is supported by 
anatomical studies showing that axones from the neurosecretory cells 
constituting these nuclei ai-e closelj'- associated in the median eminence 
with capillaries which drain into portal vessels suppl 3 dng the anterior 
pituitar 3 ^ (6, 7), In addition, work on stalk-sectioned animals (8, 9) and 
with pituitar 3 '' grafts (10) shows that a vasculai’ connection between the 
median eminence and the anterior h 3 'poph 3 ''sis is necessar 3 ^ for the main¬ 
tenance of C 3 '^clic reproductive activit 3 ^ 

In view of the possible importance of the supraoptic nuclei and the 
paraventricular nuclei in governing some normal seci'etoiy functions of the 
anterior pituitai\y, a stud 3 ' of their c 3 dolog 3 ^ as well as that of the h 3 "po- 
thalmo-hypophysial tract in rats housed under conditions of artificially 
regulated illumination was undertaken, 

METHODS 

T\vciit 3 '-t\vo-da.v old male and female rats were placed in cages and a) exposed to 
constant illumination from lOOw bulbs, b) kept under usual laboratoiy conditions (12 
hours of light, 12 hours of darkness), or c) housed in nearfi' complete darkness. Eight 
weeks later the animals wc 2 'e killed instantly, organ and bodj’ weights were recorded, 
and the ovaries were inspected for gross structural features before fixation. The pitui¬ 
tary glands and the hypothalamic area of the brains were fixed in Bonin’s fluid. The 
hj’pothalamic area was sectioned serialty at 10 /i and all sections were mounted. The 
sections were taken in the frontal plane in fourteen rats and in the sagittal plane in six. 
All the pituitaries were sectioned at in the horizontal plane. Three staining methods 
were employed: 1) Gomori’s aldehyde fuchsin (after 1 minute’s oxidation with 0.3% 
potassium permanganate solution and bleaching with 2.5% sodium bisulfite), 2) Gom¬ 
ori’s aldehyde fuchsin followed bj^ Halmi’s counter-stain (ll)^ and 3) Gomori’s chrome- 
alum-hematoxylin and phloxinc (12). Aldehyde fuchsin and chromc-alum-hematoxylin 
make possible the visualization of ncurosecrctorv material and/or its carrier (6). The 
dyes used vaiy in staining caioacity with age and temperature, hence onR slides stained 
simultaneously were compared. 

Vaginal smears of continuously lighted rats and those housed under regular laboratoiy 
conditions were taken daily for two-and-a-half weeks prior to necrops}'. 

A stud}^ of the c.ytological changes found in the pars distalis in these animals will be 
reported later. 

RESULTS 

The h 3 '’pothalamus in 20 male animals (7 controls, 7 kept in darkness, 6 
maintained under constant light) Avas examined. No difference in the ap- 

2 The concentration of light green used was .4% rather than .2%. 
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pearance or apparent secretoiy activity' of the cells of the paraA^entricular 
nuclei was detected when the three gi’oups of animals were compared. In 
e\"eiy instance many of these cells Avere aatII filled AA’ith neurosecretoiy 
gi'anules, and substantial amounts of neurosecretoiy material AA-ere con- 
sistentl}" present in the axones leading aAA'a3’^ from the nuclei. In contrasting 
fashion the cytology of the supraoptic nuclei Amried AA’ith the exposure to 
light. In the control rats the cells of these nuclei AA'ere found to be much 
like those of the paraA''entricular nuclei except for the more frequent ap¬ 
pearance of small, often spindle-shaped cells AA-ith small nuclei and con¬ 
taining in the cytoplasm A'^eiy coarse Gomori-posith^e granules haA'ing the 
appearance of hj'^aline material. These cells gaA'^e an impi’ession of secretoiy 
inactiAdtJ^ Of particular interest AA-^as the difference in the frequencA" AA'ith 
AA'hich these “inactiA'^e cells” occurred in each of the three groups. Thej' AA’ere 
fcAA' in number in all the lighted rats, intermediate in incidence in the con¬ 
trol group and abundant in 6 of the 7 rats housed in darkness. Cells of large 
size, displajdng the characteristics of intense secretoiy actiAdt}^ AA-ere most 
eAudent in the lighted group and sparselj’’ present in the group housed in 
darkness (Figs. 1,2). Their abundant cytoplasm contained in the periphery 
many fine neurosecretory granules, AA'hile clustered about the nuclei AA’ere 
coarser granules of similar staining properties. The nuclei AA'ere A^esicular, 
Avith a conspicuous nucleolus. 

The amount of neurosecretory material passing from the hypothalamic 
nuclei to the pars nei-Amsa AA'as estimated in serial sections. The estimation 
Avas made difficult by the fact that the neurosecret oiy content detectable 
at different leA'^els Availed considerabl}-. hloreoA’-er, the neurosecret or}' prod¬ 
ucts emanating from different hypothalamic nuclei cannot be distin¬ 
guished in the tractus lypopl^^sius, since axones from the paraA-entricular 
nuclei run along beside those of the supraoptic nuclei through much of this 
area. jNIiiidful of these conditions and limitations, aa’c made comparisons 
of the neurosecretorj" material found in the h3'pothalamo-hj’pophA’sial 
tract at tiA’o points; namel}^ just A-entral to the supraoptic nuclei (Figs. 
3, 4, 5) and in the median eminence (Figs. 6, 7, S). Though the distinctions 
AA-ere not alAA’a3-s sharp, it AA-as eAudent, as the illustrations faithfully de¬ 
pict, that at both IcA^els the greatest amount of secretion AA-as found in 
lighted rats, the least in those kept in darkness. The character of the 
ncurosecretoi-}' material A'aried, too, in that heaA\A- accumulations AA-ere 
commonlA' found in light-stimulated animals, AA-hile slender strands of 
ueurosecretoi-}- material AA-ere t3'pical of rats depriA’ed of light. 

It is, of course, not possible to judge b}' these means alone AA-hether the 
neui-o.secretion passes into the capillaries of the median eminence and, if so, 
to Avhat degree. It AA’as, liOAA-eA-er, of great interest to note that the neuio- 
secretor}- droplets became increasingh' small, AA-ith increasing pi-oximit}- to 
the blood A-e.s.sels (shoAA-n best in Fig. 6). Be 3 -ond this point the}- could not 
be identified in these preparations AA’itli an}' degree of accuracy. 
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Study of the pars nervosa of 46 rats, both male and female (10 kept in 
darkness, 17 under continual lighting, and 19 under usual laboratory con¬ 
ditions) revealed differences in the amount of Gomori-positive material 
present. In animals living under normal laboratory conditions the neuro¬ 
secretory material was most abundant, whereas in rats maintained under 
extreme excess or absence of light its amount was notably lessened (Figs. 
9, 10, 11). Neurosecretory droplets were prominent in Herring bodies and 
along the axones in the control animals, while in the lighted rats these were 
scant}'' in both these sites. The decrease in neurosecretory material ob¬ 
served in the rats kept in darkness was largely confined to the axones, the 
Herring bodies usually being moderately large. It must be emphasized that 
within all three groups there was variation in response, yet when one group 
was compared Avith another, the changes noted were clearly evident. In 
Table 1 we have recorded our subjective estimates of the relative abun¬ 
dance of neurosecretory material in axones and Herring bodies on the basis 
of a scale of to 

Examination of the vaginal smears rex'^ealed that Avhile the rats housed 



Fig 1 Section through the supraoptic nucleus in a male rat continuous!}^ expose o 
light showing the large size and active appearance of the neurosecretory cells c larac 
teristic of such animals Aldehyde fuchsin and Halmi’s counterstain. X 500. lO/i. 

Fig. 2. Section through a supraoptic nucleus in a male rat kept in darkness s 
some spindle cells and other neurosecretory cells typical of such animals A eiy e 
fuchsin and Halmi’s counterstain. X 500. 10/i. 
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iGb. 3-5. Sections through the hypothalamo-hypophysial tract ventral to the siipra- 
op 1 C nucleus in male rats kept in the light, under usual laboratory conditions and in 
nr'ness respectively. Aldehyde fuchsin and Halmi’s counterstain. X500. lO/i. 






Figs. 6-S. Sections thioiigh the hj^poth,‘iIamo-h 3 'pophysial tiact in the median emi¬ 
nence in male lats kept in light, iindei usual laborator}'- conditions and in daikness re- 
spectivelj'. Note the axones and associated Gomoii positive mateiial neai the capillaries 
in Fig. 6. Aldeh 3 ^de fuchsin and Halmi’s counterstain. X500. 10 
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under usual laljoratorj" conditions were cycling regularly (showing the 4- 
day cycle typical of this strain), those in continuous light were cycling at 
intervals of approximatel 3 " 7 days due to lengthened periods of estrus. 
Smears were not taken on the animals housed in darkness, but one of us 
has previousl}^ reported (3) that under similar conditions such rats cj'cle 
irregularlj", exhibiting manj^ metestrus smears. 

Organ and bod}^ weights are presented in Talkie 2 and are in agreement 
with previous work in reflecting the gonad-stimulating action of added 
lighting. The appearance of the ovaries, too, was in line with earlier find¬ 
ings. Those of continuouslj" lighted females, though not devoid of corpora 
lutea, had conspicuouslj" large follicles, whereas the ovaries of the females 
Imused in darkness were general^" small, containing few well developed 
corpora lutea or follicles. 


DISCUSSION 

Tlie observations reported here support the view that a neurosecretoiy 
link ma.y be involved in the stimulation of the pituitary bj' light. Of especial 
interest is the fact that the supraoptic nuclei appear to be affected bj’ 
changes in optic stimulation, wliile the paraventricular nuclei are not 
Tliese two pair of nuclei are represented in the amphibia by the single N 



FkI''. 9. 10 nnd 11 . Section'! throncli the pars nervosa of male rat' expo'eti to altered 
liillit conditinn'! for eight weeks. (9) Rats in eontinoii' lislit, (10) in constant darkness, 
(11) under control conditions. Note the differences in the amount of neuro'ceretorv ma¬ 
terial in the Herring bodies and along the axones. Aldehyde fuch'in.XCOO. 3g 
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Table 1. Relative amounts of neuhosecretoby material in axones and 
HERRING BODIES THROUGHOUT THE NEUROHYPOPHYSIS* 



Control Rats 

Rats 

in Constant Light 

Rats 

in Constant Darkness 


A.voiics 

Herring 

bodies 

Axones 

Herring 

bodies 

Axones 

Herring 

bodies 





Females 





1 

+ + 

+ + 

1 

-b 

-b 

1 

-b 

-b 

2 

+ + + 

+ + + 

2 

-b 

-b 

2 

-b 

-b-b 

3 

+ + + 

+ + + 

3 

-b 

4" 

3 

-b 

-b-b 

4 

+ + + 

+ + + 

4 

-b 

-b 

4 

-b 

+ + 

5 

+ + + 

4- 4" 4" 

5 

-b 

-b 



G 

+ + + 

4-4-4" 

G 

-b 

-b 




7 

+ + + 

4- 4" 

7 

-b 

-b 




8 

+ + + 

+ + + 

8 

-b-b 

+ 




9 

+ + -j- 

-b + -t- 

9 

-b 

-b-b 




10 

+ + 

+ -1- 


Til ales 





1 

+ + + 

-b-b-b 

1 

+ 

+ 

1 

-b + 

-b-b 

2 

+ + + 

-b-b-b 

2 

+ 

+ 

2 

-b 

-+ 

3 

+ + + 

-b-b-b 

3 

4- 

-b-b 

3 

-b 

-b 

4 

+ + 4“ 

4-4-4- 

4 

-b 

-b 

4 

-b 

+ 

5 

+ + 

+ + 

5 

-b 

-b 

5 

4~ 

+ + 

6 

+++ 

+ "h •}" 

G 

-b 

-b 

6 

-b-b 

+ -1 

7 

4- + 

4" + 

7 

4- 

4- 




8 

4- + 

_j_ -j- 

8 

4- 

4" 




9 

+ 4* 

-b-b-b 







19 



17 



10 


Totals 


+ Neurosecretory material scarce. 
Neurosecretory material moderate. 
+ + + Neurosecretory material abundant. 


praeopticus and l)oth seem to be important in the production of posterior 
lobe hormones. It has been rather generallj’^ assumed that these nuclei 
perform common functions and respond similarly to experimental proce¬ 
dures. However, such a view is not consistent with the findings of Castor 
et al. (13) or with the extensive work of Olivecrona (14), whose studies 
point to the paraventricular nuclei as the primarj'^ source of oxjdocin, and 
to the supraoptic nuclei as possibly* the main source of vasopressin. Our 


Table 2. Body and organ weights op young male and female rats kept in constant 

LIGHT, TOTAL DARKNESS, OR UNDER NORMAL CONDITIONS FOR EIGHT WEEKS 


Treatment 

No. of 
animals 

Bodj^ wt. 
avg., gin. 

Ovary 

avg. wt., mg. 

Uterus 
avg. wt., mg. 

Adrenal wt. 
avg., mg. 

Light 

15 

184.8 

68.4 

342 

47.7 

Control 

13 

189.7 

64.9 

300 

46.9 

Dark 

10 

181.0 

41.3 

190 

42.8 




Testes 

Sem. ves. 





avg. wt., gm. 

avg. wt., mg. 

. 

Light 

18 

223 

2.96 

375 

30.8 

Control 

11 

227 

2.61 

266 

34.6 

Dark 

10 

25G 

2.76 

280 

31.1 
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data likewise suggest some dissimilarity in the function of the supraoptic 
and paraventricular nuclei. 

It is not possible on the basis of the present study either to draw con¬ 
clusions concerning the mode of action of light on the supraoptic nuclei or 
to evaluate the functional significance, if anj% of the morphological changes 
noted. The increased neurosecretory activity ma}" have been induced 
directly by continuous optic stimulation in which event it may be related 
to the well-knovm light-induced changes in anterior pituitary secretion. 
The most evident shift in the anterior pituitary hormone balance brought 
about b}^ constant lighting is the increased secretion and release of 
FSH and a tendency for the secretion of LH to be suppressed (3). The 
thjToids and adrenals of the light-exposed rats used in this study appeared 
to be functioning at normal levels as judged by weight and cytological 
appearance. But, it is noteworthy that rats subjected to sudden intense 
light respond by releasing an increased amount of ACTH (15). There is 
also evidence that under the influence of continuous light TSH-release is 
reduced in some rodents (16, 17). Thus, under appropriate conditions, the 
secretion of four of the anterior lobe hormones (FSH, LH, TSH, and 
ACTH) seems to be affected by light. It remains to be determined whether 
changes in the neurosecretory activity of higher centers, as noted here, 
can Ire related to alterations in anterior lobe functions. 

The abundance of neurosecretory substance in the supraoptic nuclei, 
combined with the relative paucity of such material in the neural lobe in 
the rats exposed to light, suggests an increased release of neurohypophysial 
hormones. These circumstances, coupled with concomitant changes in 
gonadal activity, point again to the possibility that posterior lobe hormones 
may play a role in anterior pituitary physiology. Mirsky e( al. (IS), jMc- 
Cann and Brobeck (19), Martini and Morpurgo (20), and McCann (21) 
have advanced evidence in support of the view that neurohypophysial 
hormones are involved in ACTH secretion. The evidence, reviewed by 
Sayers, Redgate and Royce (22), is as yet inconclusive. Recently, Benson 
and Folley (23) have found that oxytocin injected into lactating rats in¬ 
creases LTH secretion, and Desclin (24) and Stutinsky (25) have induced 
decidua in animals injected with oxytocin. At the present time, howevei', 
there is no clear explanation of the role, if any, of the neurohypophysis in 
the regulation of the anterior pituitary. 

There is the further possibility that the increased activity of the supra¬ 
optic nuclei of the rats housed in light may be an indirect response. 
Cavallera ct ah (26) have reported that estrogen has a diuretic action in 
the rat, and De Groot (27) has suggested that the increased neurosecretory 
material which he found in the pars nervosa of some of his spayed rats 
inay have been caused by the absence of this action of estrogen. Any 
diuretic action which estrogen may have had in the rats exposed to light as 
reported here was limited, for in no instance did the depletion of neuro- 
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secretory material approach that Avhich follows severe dehydration as 
described by Leveque and Scharrer (28). The further observation by De 
Groot that some of his dehydrated rats continued to cycle although their 
posterior pituitaries were depleted of neurosecretory material is of in¬ 
terest. It suggests that cyclic reproductive activity can occur in the virtual 
absence of Gomori-positive material in the pars nervosa. 

The “inactive” neurosecretory cells found in the rats housed in darkness 
were so classified in part because of their cytological features, but also be¬ 
cause liild and Zetler (29) have shown that neurosecretory cell bodies be¬ 
come filled with Gomori-positive material only when the cells have filled 
their “storage depots.” 

In view of the work reported here, assays of the posterior pituitar}^ of 
light- and dark-treated animals might prove of interest. Furthermore, 
since previous work has shown that changes in antei-ior pituitary sti-ucture 
(30) and gonadotrophic content (3) are particularly marked in rats sub¬ 
jected to altered light conditions for the period used in this experiment, 
cytological studies of both the h 3 ^pothalamus and the anterior pituitary in 
animals exposed for graded periods of time might be rewarding. 
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ADDENDTOI 

Since the submission of this paper, Oksche ct aJ. have reported changes 
in neurosecretion in the sparrow in response to light. (Anat. Rec. 130: 433 
abst. 1958). 
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OBSERVATIONS ON THE PRODUCTION OF GOITER 
IN RATS WITH PROPYLTHIOURACIL AND ON 
GOITER PREVENTION' 

LESTER VAN MIDDLESWORTH,^ GEORGIANA JAGIELLO 
AND W. P. VANDERLAAN 

The Endocrine Laboratories, The Scripps Clviic and Research Foundation, 

La Jolla, California 

ABSTRACT 

Rats feci pvopj'lthiouracil and injected with sodium-Z-thyro.vine (1.0 to 2.5 
Mg- per rat per day) developed goiter in the presence of normal concentrations 
of plasma protein-bound iodine. At all dose levels of thyro.xine, rats fed low res¬ 
idue diets had greater serum bound iodine eoncentrations than animals fed 
commercial laboratory chow. Since goiter was found in presence of normal or 
high bound iodine concentrations, this may mean (a) goiter can develop despite 
low plasma levels of th 3 U'otropin under these conditions or (b) plasma protein- 
bound iodine may have an abnormal composition or influence in these tj’pes of 
experiments. A method is presented for determination of plasma protein-bound 
iodine b}’ isotope dilution. 

D EMPSEY and Astwood (1) introduced the goiter-prevention method 
for estimating the daily rate of th 3 a-oid liormone secretion and pre¬ 
sented as reasonable the statement: “The amount of thyroxine necessary 
to maintain normal thyroid weight in thiouracil-treated animals is a valid 
index of the rate of secretion of th 3 U-oid hormone.” This has been widely 
accepted. The 3 ^ also stated: “In this instance, the balance is considered to 
be between the degree of pituitaiy inhibition exerted b 3 " the th 3 n-oid hor¬ 
mone and the quantit 3 ^ of th 3 a’oid secretion under the stimulus of th 3 n'o- 
tropic hormone. According to this concept, then, an index of the degree of 
thyroid stimulation is provided b 3 '' the size of the gland, which may be ex¬ 
pected to vary directly with the rate of secretion of the th 3 n'otropic hor¬ 
mone and inversely with the concentration of the circulating thyroid hor¬ 
mone.” Since that time the estimation of circulating th 3 a’oid hormone, as 
protein-bound iodine, has become simpler, although the quantitation of 
th 3 ^rotropin in plasma remains difficult. However, the assumptions of 
Dempsey and Astwood have appeared so altogether reasonable that meas- 
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urement has been neglected even in I'egard to "the concentration of the 
circulating thyroid hormone.” 

In the course of studies on the effect of high and low residue diets on the 
rate of fecal excretion of th 5 TOxine we were surprised to gather data indi¬ 
cating that rats fed propjdthiouracil and injected with sodium-l-th 3 r-oxine 
in graded dosage developed goiters unless the plasma protein-bound iodine 
concentration was raised to levels eonsiderablj’^ above normal. 

METHODS 

The method of Dempse}' and Astwood (1) was used to determine the amount of 
sodium-Z-thjroxine injected subcutaneously daib"^ which prevented goiter in rats fed 
diets containing propylthiouracil in 0.03% concentration. The thyroxine was dissolved 
in a slight!}^ alkaline isotonic saline solution. The doses ranged from 1 yg. to 5 yg. per 
rat per da 3 '. The temperature of the animal room was 70 to 75° F. 

Diet A consisted of gluten flour, 300 gm.; vitamin-free casein, 110 gm.; corn oil, SO 
gm.; entire wheat flour, 100 gm.; sucrose, 370 gm.; salt mixture, 50 gm. The salt mixture 
contained the following: calcium carbonate, 300 gm.; potassium phosphate, dibasic, 
150 gm.; magnesium sulfate, 50 gm.; sodium chloride, 500 gm.; ferrous sulfate, 1.0 gm.; 
copper sulfate, 0.05 gm.; manganese sulfate, 0.05 gm.; cobalt chloride, 0.05 gm.; sodium 
molybdate, 0.05 gm.; and zinc sulfate, 0.05 gm. A mi.xture of water-soluble vitamins was 
added. The iodine content was about 0.05 yg. per gm. of diet. 

Diet B contained: corn starch, 270 gm.; sucrose, 270 gm.; casein, 260 gm.; corn oil, 
SO gm.; salt mixture, 50 gm.; vitamin mixture, 50 gm.; and sodium iodide was added to 
make the iodine content 0.2 yg./gm. diet. 

The third diet was Purina mink chow,’ a high residue diet (2). 

An experiment was made in which tliju-oxine was tagged initiallj'' with 30 yc. P”- 
labelled thju-oxine per 100 ml. of a solution containing 2.0 mg. of sodium-Z-th 3 'roxine. 
The purpose was to determine the plasma concentration of bound iodine b 3 ' isotopic 
dilution, the method being similar to that reported for iodine metabolism studies (3). 
This provided an independent method for determining protein-bound iodine concentra¬ 
tions in plasma, based on the assumption of a state of equilibrium in which the specific 
activit 3 ' of tho plasma th 3 uoxine was the same as that of the P’'-labelled stock solution 
of sodium-Z-th 3 ’roxinc. 

Prop 3 ’lthiouracil and th 3 'roxine were given for 10 to 14 da 3 ’s. The rats were anesthetized 
with ether 24 hours after the last injection of th 3 'roxine. Blood was withdrawn from the 
inferior vena cava for determination'' of protein-bound iodine 1)3' the method of Zak 
ci al. (4) as modified b 3 ' .A.stwood cl aL (5). The tlwroid glands were excised and weighed 
on a torsion balance. 

RESULTS 

Tables 1 and 2 indicate that the goiter-preventive dose of sodium-/- 
thyroxine was between 2.5 and 5.0 yg. per rat per daj'. However, with each 
level of tln-roxine dosage the feeding of the low residue Diet B resulted in 
plasma concentrations of protein-bound iodine 1.3 to 2 times greater than 
Avere found with Purina chow. With the exception of two rats taking Diet 

’ Iodine anah'ses on Purina mink chow showed 0.4 //g./gin. when 0.2 to 0.5 gram 
was anah'zcd dircettv (5). 

' The technical assistance of Rosemary Libby, Howard Libbx- and Shirley Miller is 
gratcfulb’ acknowledged. 
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Table 1 


Average bodj' weight 

Th,vroxino dose, 

After two weeks of thj'roxine 

(No. rats) 

Mg./day 

Thju-oid, mg./lOO gm. 
bodj' weight j 

Plasma bound iodine, 

I Mg./lOO ml. 


Diet A plus 0.03% prop 3 'lthiouraciI 


177 


1 


(Propylthiouracil not 




givcui, 5) 

0 

6.8 4-1.23* 

5.54-0.35 

161 (5) 

0 

28.2 4-10.3 

2 . 54 - 0.95 

149 (4) 

1.3 

20.24-2.2 

5.24-0.6 

149 (3) 

2.5 

17.0-f2.5 

7 . 54 - 0.4 

148 (4) 

5.0 

8.4 ±3.3 

11.1 4-2.2 


Diet B plus 0.03% prop.vlthioiiracii 


162 (3) 

1.3 

17.04-3.8 

7.1 4-0.6 

160 (3) 

2.5 

14.64-4.6 

9.3 4-1.2 

166 (3) 

5.0 1 

5.3 4-0.8 

16.8±2.6 

Diet C (Purina) plus 0.03% pi opylthiouracil 

161 .2 




(Projivlthiouracil not 



* 

given, 10) 

0 

5.14-1.0 

5.1 ±1.32 

179 (8) 

0 

22.3 ±5.5 

2.9±0.68 

134 (7) 

1.3 

10.0±3.0 

5.4±0.8 

143 (6) 

2.5 

15.0±2.5 

6.9±1.6 

142 (4) 

5.0 

6.7±1.3 

8.8±2.7 


* Standard error of the mean. 


B (Table 2) the rats injected with les.s than 5 ng. tJiyroxine per day had 
goiters despite concentrations of protein-bound iodine above the levels 
found in the untreated rats. 

In the experiments recorded in Table 2 the concentration of protein- 
bound iodine was determined isotopically. It was considered that, after 10 


Table 2 


Bodj' weight in grams 
(No. rats) 

! Thj'roxine, Mg-/daj' j 

Thj’roid, mg./lOO gm. 
l)odj' weight 

Plasma bound iodine,* 
Mg./lOO ml. 

Diet B plus 0.03% propj’lthiouraoil for 10 daj's 

131 (2) 

1.2 

15.0 

5.1 

134 (2) 

2.5 

9.0 

10.2 

134 (2) 

5.0 

8.0 

1 

16.5 

Diet C (Purina) plus 0.03% propjdthiouracil for 10 days 

139 (2) 

1,2 

19.0 

2.8 

134 (2) 

2.5 

12.0 

4.8 

153 (2) 

5,0 

6.0 

7.9 


* Plasma thjo’oxine/100 ml. = (PBI'®* counts/min./lOO ml. plasnia)-j-faounts/min./ug. 
thju'oxine in solution of radioth.vroxine at time of radioactive determinat.ion\ 

Bound iodine is 63.6% of calculated sodium thj'roxine. 
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days of administration of propylthiouracil and injections of radio-thy¬ 
roxine, the plasma concentration of protein-bound iodine would be largelj" 
due to injected th 3 a-oxine. The specific activity th 3 TOxine) in 

plasma would approach that of the solution itself. Therefore, the deter¬ 
mination of in the trichloracetic acid precipitate of plasma would indi¬ 
cate a minimum value for the concentration of protein-bound iodine. The 
talde indicates that rats which received 1.2 gg. to 2.5 jug- sodium-/-th 3 ’- 
roxine per day developed goiters from propylthiouracil when the plasma 
concentration of protein-bound iodine was normal. In Table 2 the only 
rats which had lowered plasma concentrations of protein-bound iodine 
were those fed Purina chow and injected with 1.2 jug. f-th 3 a-oxine per da 3 '. 
Feeding the low residue diet to rats given dail 3 " injections of thyroxine ap¬ 
pears to have resulted in plasma concentrations of protein-bound iodine 
twice those found when the high residue Purina chow diet was fed. 

DISCUSSION 

This stud 3 ’ shows that goiter prevention in prop 3 dthiouracil-treated rats 
is only achieved through dail3' injections of sodium-/-th3TOxine in amounts 
wliich elevate the plasma concentration of protein-bound iodine to values 
2 to 3 times normal. This clearl 3 " raises the possil3ilit3^ that the goiter-pre¬ 
vention metliod of Dempse 3 ' and Astwood (1) gives an erroneousl 3 ' high 
value for the dail 3 ' secretion rate of th 3 'roxine by the th 3 Toid gland. Taurog 
and Chaikoff (0), using a method involving specific activities of diiodot 3 ’- 
rosine and thyroxine in the th 3 'roid gland, calculated a thyroxine secretion 
rate of 1.5 jug./100 gm. bod 3 ’ weight per da 3 ’’, in contrast to the 5.2 jug. figure 
of Dcmpse 3 ' Astwood. These two groups used different diets. 

If, under the conditions of these experiments, protein-bound iodine 
determinations provide a measure of circulating thyroid hormone, it is 
likely that goiter has developed under conditions in which thyrotropin 
production is normal. Goldberg el al. (7) have reviewed briefl 3 ’ the point 
of view that th 3 u-oid-pituitar 3 ’ relationships are not fullN' explained 1 ) 3 * a 
simjilc feedback mechanism, and the present stud 3 ’ provides further sup¬ 
port for this contention. It was fii'st suggested b 3 ' Albert c( al. (S) and con¬ 
firmed b 3 ' Halmi and Spirtos (9) that the effects of thyrotropin on th 3 'roid 
cell height were enhanced b 3 ' antith 3 Toid drugs. Rawson (10) has taken the 
position that antithyroid drugs cause goiter through two mechanisms: by 
enhancing th 3 Totropin output in response to h 3 ’poth 3 Toidism and by 
potentiating the effect of thyrotropin. This formulation allows the infer¬ 
ence that goiter may occm- despite some suppression in thyrotropin pro¬ 
duction, and this study provides a basis for exploring this possibilit 3 -. 
Other manipulations which deplete tln-roid iodine stores have in common 
with propylthiouracil the augmentation of iodide concentrating activity 
(11, 12). It seems likely that goitrogenesis due to feeding of propylthiou- 
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racil to intact rats having high protein-bound iodine concentrations, as ob¬ 
served in this study, is due directly to an increased thyroid sensitivity to 
thyrotropin. 

Among possible objections to attaching significance to these findings is 
the non-specificity of protein-bound iodine in plasma as a measure of 
circulating thjn-oid hormone. With the low iodine diets this objection 
seems less significant than in the experiments in which dietary iodine was 
higher. Objection also may be held on the score that normally triiodo- 
th 3 a‘onine is also a component of the protein-bound iodine. However, 
Gross (13) has found that the concentration of triiodothyronine in plasma 
is probablj" verj'’ much less than that of thyroxine and, in addition. Gross 
and Leblond (14) found Compound No. 1, subsequently shown to be tri- 
iodothju’onine (15), in the plasma of thju’oidectomized rats injected with 
th 3 TOxine. 
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STUDIES IN THE ACTIVATION AND INHIBITION 
OF ADRENOCORTICOTROPHIN SECRETION 

N. W. NOWELL 

Department of Zoology, The University, Hull, England 
ABSTRACT 

Comparisons have been made in the depletion of adrenal ascorbic acid which 
resulted from cold, hypertonic saline and bell-ringing, in normal, neurohj'po- 
physectomized and reserpine injected male rats. The effects upon ACTH/AAF 
release of the stimulation of neurohypophysial hormone release, or its injec¬ 
tion, were recorded in normal animals and ncurohypoph 3 -sectomized animals 
subjected to cold stress. Also, the effects of neurohj-pophysectomy and reser¬ 
pine injection upon the adrenal weights of normal and adrenal-enucleate- 
regenerate animals were recorded. 

It was concluded that: 

1 . The liberation of AAF by the adenohj-pophysis seems to nece.ssitate the 
concomitant release of neurohypophj’sial liormone or something associ¬ 
ated with it and it is suggested that the release of ADH b.y the neuro¬ 
hypophysis results in an “obligatorj'” release of .\.4F. 

2. The neurohypophj-sis is involved in the release of ACTH/A.4F in re¬ 
sponse to s.vstemic stresses but not to emotional ones. It is suggested that 
separate centres within the In-pothalamus control, via different path¬ 
way's, the secretion of A.4F by the adenohypoph.vsis. 

3. The hypertrophy of the adrenals which results from neurohypophysec- 
tomy, and the regeneration of the adrenals after enucleation, are discussed 
and related to the results of other workers. It is suggested that enu¬ 
cleated adrenals regenerate under the influence of a basal secretion of 
ACTH/AWF, the control of which probably docs not involve hypothala¬ 
mic centres and that the release of a hypertrophy AWF involves a hypo¬ 
thalamic centre the stimulation of which depends upon the capacity of 
the centre/s which stimulate/s A.-VF release, to meet body requirements. 

T he meclianisms involved in the release of ACTH from the pituitary 
are, to say the least, complex. ACTH itself appears to have a dual func¬ 
tion in that it maintains adrenal weight and stimulates an increase in the 
release of steroids from the adrenal cortex (1) and these two functions are 
obviously related to one another since adrenocortical volume varies accord¬ 
ing to the demands made upon its productive capacity. In addition, it has 
become customary to refer to two categories of stress, both of wliich 
result in an increased secretion of ACTH (2). These are, neurotropic or 
emotional stress which activates the anterior lobe of the pituitary via the 
central nervous system and hypothalamus, and metabolic or .systemic 

Received January IG, 195S. 

191 



192 


NOWELL 


Volume 64 


stress wliicli geiierall}^ results in a more direct action of blood-bourne 
agents upon tlie anterior lobe but which may also involve the central 
nervous system (3, 4, 5 and 6). Since de Groot and I-Iarris (7) postulated a 
chemical transmitter passing from the hypothalamic area via the hypo¬ 
physial portal vessels to stimulate the anterior lobe, man}'^ workers have 
attempted to relate this unknown agent to the Gomori-positive neurosecre¬ 
tory material demonstrated in the hypothalamic nuclei and known to be 
intiinatel.y related to the functioning of the neurohypoph 3 ^sis( 8). 

The present experiments were designed in order to attempt to relate the 
function of the neurohypophj'-sis to the release of ACTH by the adeno- 
hypophysis. They involve the stimulation or inhibition of one or both of 
tliese organs with the above mentioned findings in mind, and the extent to 
which the results shed light upon the control of ACTH secretion is dis¬ 
cussed. 


MATERIAL AND METHODS 

Male albino rats of the Wistar strain were uscrl in all experiments. Thej" were kept 
at a temperature of about 70° F and fed on commercial rat cake and water ad lib. The 
percentage depletion of adrenal ascorbic acid resulting from any stress and the percent¬ 
age adrenal weight at the end of the experimental period were used as criteria for com¬ 
paring the amount of ACTH (Ascorbic acid factor, AAF, and Adrenal weight factor, 
AWF, respectively) liberated b,v the pituitary under the various experimental condi¬ 
tions. The experimental groups were divided up as follows; 

Blockage of ACTH (,‘l.4F) secretion 
Normal control animals subjected to stress 

a. Cold. Those rats to bo subjected to stress were placed in the cold room for 1 hour 
at 30° F and sacrified 1 hour after the stress. 

b. Bell ringing. Animals to be stressed were placed in a separate room and subjected 
to the ringing of a loud electric bell for a period of 10 minutes. Thej' were sacri¬ 
ficed half an hour after the stress. 

c. H.ypertonic saline. The animals to be stressed received an infusion of 5 ml. of warm 
308 mlM saline over a period of 3 minutes and were sacrified an hour later. Earlier 
experiments designed to induce the secretion of ACTH by the administration of 
hypertonic saline solutions via stomach tube, proved to be abortive, since the 
act of inserting the stomach tube provided an emotional stress which was sufficient 
to mask the eff'ect of the saline. Thus in this and all other experiments involving 
saline infusion, a polythene canula was inserted into the jugular of both unstressed 
and stressed animals 48 hours before the infusion and the unstressed animals were 
killed 1 hour after a mock infusion. 

Neurohypoph^'sectomized animals subjected to stress 

The paraphaiyngcal approach was used in the removal of the posterior lobe of the 
pituitaiy and the anterior lobe was only very slightlj’ damaged. Normal increase in bodj' 
weight and adrenal hypertrophy, which follow this operation, confirm that the anterior 
lobe continues to function. All stress experiments were performed 10 days after tlic 
operation, during which period the rats drank 4-5 times normal quantities of water. 
The depletion of adrenal ascorbic acid, which resulted from the subjection of these rats 
to the stresses of cold, bell-ringing and hj'pertonic saline, was compared with the cor¬ 
responding figure in the normal control animals. 
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Animals injected with reserpine and subjected to stress 

AH rats due to be stressed received a subcutaneous injection of 1 mg./kg. body weight 
of resperpine the day before the e.vperimcnt and the same dose was given half an hour 
before stressing. The c.xperiments were performed simultaneously with those on the 
normal animals and the same three tj'pes of stress were imposed. Using the same un¬ 
stressed controls the depiction of adrenal ascorbic acid was again compared with that 
obtained in the normal animals. 

Slimulalion of ACTH (A.*1F) secretion 

In considering the relationship between posterior and anterior lobe secretion, the fol¬ 
lowing e.xperiments were designed in order to stimulate or to substitute for posterior 
lobe secretions and to relate the resulting effects to ACTH secretion; 

Normal animals 

a. Intravenous infusion of Tyrode’s Ringer solution. 5 ml. of warm Ringer solution 
were infused, over a period of 3 minutes, into rats which had been canulated 48 
hours before and the rats killed 1 hour later. 

b. Intravenous infusion of hypertonic saline. The stressed rats received 5 ml. of 308 
mM saline (as in c above). 

c. Intravenous infusion of Ringer plus Pitressin. 0,3 u. of Pitressin (Parke, Davis) was 
added to the Ringer solution and the whole made up to 5 ml. 

d. Intravenous infusion of Ringer plus Pitocin. 0.3 U. of Pitocin (Parke, Davis) was 
added to the Ringer solution and the whole made up to 5 ml. 

e. Intravenous infusion of Ringer plus nicotine. Two mg./kg. body weight of nico¬ 
tine were added to the Ringer solution and the whole made up to 5 ml. 

Ncurohypophyscctomizcd animals subjected to cold stress 

The procedure followed that for ncurohypophyscctomized animals subjected to cold 
stress (see above) except that the stressed animals received a subcutaneous injection 
of one of the following substances half an hour before they were placed in the cold room. 

a. 0.3 TT. of Pitressin 

b. 0.3 tr. of Pitocin 

c. 2mg./kg. body weight of nicotine. 

.Vnimals injected with reserpine and subjected to the stress of bell-ringing 

The procedure followed that for resperpine injected animals subjected to bell-ringing 
(see above) c.xccpt that a second group of stressed animals received 0.3 u. of Pitressin 
together with 1 mg./kg. of rcsperinc half an hour before stressing. 

Hypoidiy.scetomizcd control animals 

These animals were sacrificed 1 hour after they received a subcutaneous injection of 
0.3 u. of Pitressin plus 0.3 u. of Pitocin. 

The influence of ncurohypophyscclomy and reserpine upon ACTH 'A 117’’ secretion 

In the course of this and previous work it was found that neurohypoirhysectomy 
resulted in a marked inerease in adrenal weight, presumably due to an increased .'Accre¬ 
tion of .VCTH/.VWF. It is also generally accepted that the secretion of this hormone 
is increased after adrenal enucleation (9) as it is after adrenalectomy (10) and pro¬ 
longed stress (11). The adrenal weights of the animals subjected to the following con¬ 
ditions Were recorded in an attempt to relate the influences of neurohyjrophysectomy 
and reserjiine to adrenal weight. 

a. Ncurohypophysectomized normal animals. .Vdrenal weights were taken 10 days 
after the operation. 
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b. Ncuroliypoph.ysectomizecl aclrenal-enucleate-regenerates. Neurohypophysectomy 
was performed 1 day before adrenal enucleation. Both adrenals were enucleated 
in this and all other enucleate groups mentioned and all adrenals were allowed 
to regenerate for 7 daj^s. 

c. Reserpinc injection of adrenal-enuclcatc-rcgcnerates. Reserpine (1 mg./kg.) was 
injected dailj^ throughout the 7 day period of regeneration. 

d. Reserpine injection of adrenal-enuclcatc-rcgcnerates stressed by bell ringing. 

An electric bell was placed immediately above the cages and set to ring for 55 
seconds every hour throughout the 7 days of regeneration. Reserpine (1 mg./kg.) 
was injected dail}”^ throughout this 7 day period. 

e. Reserpine injection of ncurohypophysectomized animals. Reserpine (1 mg./kg.) 
was injected daily throughout the 10 da}' e.xperimental period. 


RESULTS 

Blockage of ACTH {AAF) secretion 

The effect of the removal of the posterior lobe of the pituitary upon the 
response of the anterior lobe to the stresses of cold, bell ringing and hyper¬ 
tonic saline are shown in Table 1. The figures for the percentage depletion 
of adrenal ascorbic acid indicate that this operation reduces the release of 
ACTH/AAF bj^ the adenoh 3 'pophysis in response to the stresses of cold 
and the intravenous infusion of hj'pertonic saline but not to the stress of 
bell ringing. The reverse is true after reserpine injection since the response 
to both cold stress and h^'pertonic saline infusion remained normal whilst 
the response to bell ringing was abolished altogether. 

Stimulation of ACTH (AAF) secretion 

The effects of the attempted stimulation of ACTH secretion in normal, 
neurohj^pophysectomized and h 3 '^poph 3 '^sectomized animals are shown in 
Table 2. In the normal animals the infusion of 5 ml. of T 3 Tode’s 
Ringer solution resulted in a 7.6% depletion of adrenal ascorbic acid 
(P= >0.3 <0.4), However, when 308 mM saline was substituted for 

Table 1. The effect of cold (1 hour at 30° F), bell ringing (10 minutes) and 

INTRAVENOUS 308 mM SALINE UPON THE PERCENTAGE ASCORBIC ACID CONTENT 
OF THE ADRENALS IN NORMAL, NEUROHYPOPHYSECTOMIZED AND 
RESERPINE INJECTED (1 MG./KG. BODY WT.) RATS 


Category 
of rat 

Treatment of 
stressed animals 

Ascorbic acid mg./lOO Rm. of 
adrenal tissue ± S.E. 

% depletion 
on stress 

.p. 

value 

Unstressed 

Stressed 

Normal 

Cold 

Bell ringing 

308 mM saline 

423.7±23.7 (8) 
408.5 + 13.1 (G) 
316.1 + 16.8(10) 

317.2±13.7(9) 
338.5± 13.2 (6) 
235.4±10.6(9) 

25.1 

17.1 

25.5 

<0.01 

<0.01 

<0.01 

Neurohypo- ^ 

physectomized ' 

Cold 

Bell ringing 

308 mM saline 

369.8 + 20.1 (9) 
398.0± 17.7 (7) 
322.8±19.0 (7) 

365.6 + 18.2(9) 

323.1 + 18.7 (8) 

306.1 + 13.0(7) 


>0.8 

0.01 

<0.5>0.4 

Normal 

Injected with 1 ing./kg. 
reserpine and subjected to 
Cold 

Bell ringing 

308 mAI Saline 

423.7±23.7 (8) 
408.5+13.1 (6) 
316.1 ±16.8 (10) 

317,0±14.5(8) 

426.6±13.0(6) 

247.4±14.5(7) 

25.1 

4.4incr. 

1 21.7 

<0.01 

<0.01 


( ) No. of animals. 
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Table 2. The effect of neurohypophysial stimuli.tiox and the ao'minisir t on 

OF NEUROHI POPHYSIM. HORMONES (PARKE, DAVIS PITRESSIV AN'D PITOCI 0 L PO < 
THE ascorbic ACID CONTEXT OF THE ADREXALS OF VARIOUS 
CATEGORIES OF RATS 


Ca tcRon 
of rat 

Treatment of 
gtre^^ed animals 

A-^corbic aoid—ing /lOO gm of ' 

adrenal ti<isije + S E I 

% 

d=‘pletion 1 
on 1 

stress j 

•]>• 

\aUie 

Unstrc««cd 

Stressed 

Noriinl 

Infusion of 

Ringer 

308 niAI saline 

Ringer 4-0 3 u. Ritressin 
Ringer 4*0 3 u Pitocin 
Ringer+2 mg /kg Nicotine 

305 7 ± 15 2 (8) 
316 0+11 6(12) 

, 347 2 ±14 7 (9) 

' 290 4+ 15 2 fO) 

282 5+ 15 4 fS) 
251 0+13 2(10) 
/263 7 ±19 7 (7) 
\260 7 + 20 7 (7) 
223 8 ± 6 7 (8) 

7 6 

20 6 , 

24 0 1 

25 0 1 

25 2 j 

>0 3<0 4 
<0 01 
<0 01 
<0 01 
<0 01 

Nciiroli\po- 
phj sectoiiiized 

Cold Stress and injection of 

0 3 u Pitres<!in 

0 3 u Pitocin 

2 nig /kg Nicotine 

496 0 + 26 4 (10) 
516 0 + 28 0 (0) 
495 7 ±26 0 (7) 

375 6+ r 1 (9) 
412 2 + 27 0 (9) ; 

401 1±22 0 (7) 1 

24 ^ 

20 1 
19^0 

<0 01 

<0 02 >0 01 
<0 02 >0 01 

Notinal 

Sfreasfd l»j/ beff ringing and 
injff/cd u ith 

1 mg /kg Ro«crpinc 

1 ing /kg Rp'^erpme pin*? 

0 3 u Pitrc^^^m 

381 1±22 2 (6) 

/376 0+13 1 (7) 
(277 0±n 0 (7) 

1 3 

27 3 

>0 8 
<0 01 

IIjpop>i\«oc- 

toiiiizcd 

Injection of 

0 3 u Pitrc<isin plus 0 3 
u Pitocin 

367 5±2S 7 (8) 

375 4± 17 1 (S) 

- 



( ) No of anmnH 


l^inger solution or when Pitressin, Pitocin or nicotine were added to the 
Pinger solution, the depletion of adrenal ascorbic acid became significant— 
around the level of 24%. 

Tlie adrenal ascorbic acid content in the unstressed animals of groups 
which had been subjected to jugular canulation in preparation for infusion 
was lower than in non-canulated groups. This is probably due to the 
.stressing effects of canulation and reflects an increased output of ACTH 
in these groups. The significance of this control level of adrenal ascorbic 
acid has been discussed pi-eviously (9). 

In the neurohypophysectomized animals, where cold stress had re.sulted 
in the insignificant depletion of adrenal ascorbic acid of 1.1% (P= >0.8) 
the injection of Pitressin, Pitocin or nicotine, before the stre.ss was applied, 
resulted in a significant depletion (around 21%) in each case. 

Also, in normal animals which showed a negligible depletion of adrenal 
ascorbic acid in response to bell ringing, when pre-treated with reserpine, 
the addition of 0.3 u. of Pitressin to the injected re.serpine re.sulted in a 
normal depletion of 27.3%. 

llypophysectomized animals acted as controls for the above groups and 
in the.se animals the injection of a solution containing both Pitre.ssin and 
Pitocin produced no depletion of adrenal ascorbic acid. 

The ittflitoicc of Keitrohy])ophijs(clo7ny atid rcscrpinc upon AC7'II{AWF) 
sccrcdon 

The final percentage adrenal weights of the various categories of rat> 
used in these experiments are shown in Table 3. After 10 day.-, during 
which time they drank 4 to .5 times normal quantities of water, neurohypn- 
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ph3"sectomized animals sliowed a percentage adrenal Aveigiit of 25.23 mg. 
as against 15.61 mg. in the normal animal. The daily injection of 1 mg./kg. 
of reserpine did not prevent this increase in adrenal size. Bilaterally 
enucleated adrenals in the normal animal regenerated to a weight of 
11.2 mg.% in 7 da^^s and similar animals which had been previously 
neurohypophysectomized, although drinking similar quantities of liquid 
(Figure 1), showed a regeneration weight of 21.9 mg. %. Lastly, the re¬ 
generated adrenals of animals which were subjected to bell ringing 


Table 3. The influence of NEUROiiypoPHYsECTOMY and 

RESERPINE UPON ADRENAL WEIGHT 


1 

Treatment 

No. 1 
of 
rats 

Final average 
body weight, 
gni. +S.E. 

.Adrenal weight—mg./lOO gm. 
bodj' + S.E. 

Controls 

Nciirohypoph}-- 

sectomized 

Normal 

39 

19 

224.6+2.9 

210..')±2.5 

15.6110.78 

25.C311.02 

Aclrenal-enucleate-regcnerate i 

1 

1 

9 

6 1 

173.G±3.6 

133.3+3.5 

11.2 ±0.736 

21.9 ±2.1 

1 

Adrenal-enucleate-regeneratc | 

1 

1 

17 

10 

141.3±2.1 

120.0±4.7 

1 

Controls 

1 

Reserpine 

injected, 

1 mg./kg. daily 

10.3810.47 

12.0311.12 

Adrenal-eiuicleate-regenerate 
stressed by bell ringing 

7 

7 

142.1 ±4.5 
133.1+4.5 

t 17.3511.24 

1 ~ 

13.0 ±0.73 

Neurohj'pophj'seetoinized 

6 

9 

153.018.4 

175.5+7.6 

' 27.9 ±3.28 

33.9 ±2.6 


throughout the period of regeneration were heavier (17.35 mg. %) than 
those of the control animals (10.38 mg. %) and the daily injection of 
1 mg./kg. of reserpine, which had no significant effect upon the regenera¬ 
tion of the control adrenals (12.03 mg. %), did prevent the hypertrophy 
which had resulted from bell ringing (13.0 mg. %). 

DISCUSSION 

The present findings on the relationship betiveen hormones of the neurc- 
hypoph 3 ^sis and ACTH secretion are in agreement with those of Sobel, 
Levy, Marmorston and Rosenfeld (12), Martini and DePoli (13) and others. 
The administration of Pitressin or Pitocin induced a significant depletion 
of adrenal ascorbic acid in animals which had not othenvise shown such a 
response. Also, the induction of ADH release, b 3 ^ the administration of 
nicotine (see 14) and h 3 "pertonic saline (see 15), produced similar deple¬ 
tions of ascorbic acid in stressed animals which had shown onl 3 " slight re¬ 
sponses in the absence of these stimulating substances. That this ACTH 
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release is not due to an}' necessity for additional corticosteroids at the 
kidney level was demonstrated, firstly by the finding that little ACTH was 
released when hypertonic saline was administered to neurohypophysec- 
tomized animals with an otherwise functional anterior lobe and secondly, 
by the finding that ACTH was not released when a Ringer load alone was 
administered, but that the addition of Pitressin, Pitocin or nicotine to the 
Ringer did cause a depletion of adrenal ascorbic acid. This latter reaction 
must be mediated via the pituitary since no response to Pitressin and 
Pitocin injection was obtained in hypophysectomized animals. 

Thus the presence of posterior lobe hormones (or something associated 


* 

i 
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I'in. 1. Coiisuiuption of water and saline (0.9%) by adrenal-enueleate-recenerate 
and nenrohypoidiyseetonuzeil-adrenal-emieleate-repeiierate rat-. 
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with them) in the circulation appears to be essential to ACTH release, 
and, moreover, it is suggested that the presence of these hormones at the 
level of the pituitary results in a direct "obligatory” release of ACTH. On 
the other hand, it would appear that mechanisms which are known to 
result in the release of ACTH also involve the concomitant release of ADH, 
as in emotional stress (16 & 17) or systemic stress (15). However, the 
above experiments suggest the existence of two distinct mechanisms of 
ACTH release. One of these mechanisms, which responds to emotional 
stress, may, at some unknown level, be stimulated by nicotine and can 
be blocked by reserpine. The other responds to systemic stresses such as 
cold and hypertonic saline and, unlike the former, necessitates the pres¬ 
ence of an intact neurohypophj'sis. These findings agi-ee generally with 
results of corresponding work on ADIi release reported b}^ Dingman (18), 
Dingman and Thorn (19) and Dingman and Despointes (20) who concluded 
that nicotine stimulated hypothalamic centres to release ADH in patients 
with diabetes insipidus, whereas hypertonic saline did not. They also found 
that, in normal subjects, the nicotine induced decrease in free water clear¬ 
ance was blocked b 3 ' cortisone, h^’^drocortisone and prednisolone, whereas 
that to hypertonic saline and Pitressin was not. 

Thus, although these two mechanisms of stress response have something 
in common—the release of posterior lobe hormone—the present experi¬ 
ments suggest the following conclusion. That emotional stresses involve 
the passage of neurosecretoiy material, possibly from nuclei in the an¬ 
terior region of the hypothalamus, to the adenohypophysis, via the main 
portal vessels, so that neurohypophysectomy would not interfere with this 
mechanism. That systemic stresses involve the passage of such material, 
possiblj'^ from more posterior nuclei of the h 3 'pothalamus, to the adenoh 3 ’- 
poph 3 ^sis, via other portal vessels within posterior lobe tissue, so that this 
pathwa 3 " would be servered b 3 ^ neuroh 3 ^poph 3 ^sectom 3 ^ These suggestions 
are strongly supported b 3 '’ the work of Daniel and Prichard (21) who found 
that in the rat cauter 3 ^ of the hypoph 3 ^sial portal vessels resulted in 
necrosis of onb”- the central part of the adenohypophysis and that the 
tissue which did not become necrosed was supplied b 3 ^ uncauterised portal 
vessels which drain part of the neural lobe. 

The relationship between ACTH/AAF and ACTH/AWF secretions, if 
these can be considered separate^'', are obviousb'^ complex. It is known 
that, firstly, the weight of an animal’s adrenals is, under normal circum¬ 
stances, related to the weight (22), the surface area (23) and the sex (24 
& 25) of the animal ;secondl 3 ^, that the removal of one adrenal results in the 
compensatory hypertroph 3 '^ of the other (26 & 27); thirdb", that the de¬ 
mands for corticoids which result from stress bring about an increased 
secretion of ACTH/AAF and, depending upon the extent of this demand, 
adrenal h 3 ^pertrophy (11). These and other findings (9), which attempt to 
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relate tlie sex of the animal to the adrenal weight and its capacit.y to re¬ 
spond to stress, would suggest the existence of a balance to control the ratio 
of AAF/A’WF liberated by the pituitary and which might be regulated by 
the degi’ee of stimulation or inhibiton of separate but closely associated 
centres in the hj'pothalamus. 

In the present experiments neuroh 3 "pophysectomized normal animals, 
which did not release AAF in response to S 3 'stemic stress, showed normal 
hod 3 ' weight increase and a considerable degree of adrenal h 3 ^pertroph 3 ’' 
even when reserpine, Avhich had been shown to block the h 3 'pertroph 3 ' due 
to bell ringing, was injected daily. Also, the regeneration weight of enu¬ 
cleated adrenals, during a seven da 3 '^ period, was doubled when animals 
were previousl 3 ' neurohypoph 3 'seetomized and this increase occurred in 
spite of a normal consumption of water. These findings agree with those 
of McCann and Brolieck (28) who showed that, following lesions of the 
supra-optico-h 3 ’poph 3 ’sial tract, adrenal h 3 ’pertroph 3 ’^ resulted in cases 
with high diabetes insipidus. HoAvever, this h 3 'pertroph 3 " resulted in some 
cases but not in others. Simitarl 3 % Greer and Erwin (29) found that adrenal 
atrophy resulted from destruction of the medium eminence in some cases, 
but in others there was no correlation between destruction of the supra¬ 
optic and paraventricular nuclei and the absence of amphenone-induced 
adrenal hypertrophy. They suggested, therefore, that Pitressin may not 
play a significant role in the control of corticotrophin secretion. If, as 
previously suggested, separates centres are responsible for the release of 
AAF and AWF, then the release of AAF might depend upon the degree of 
hypothalamic stimulation balanced against the titers of blood corticoids, 
and the I'clease of AWF upon the degree of h 3 ’pothalamic stimulation plus 
the capacity of AAF secretion to meet this balance. Adrenal atroplyv, 
which follows corticosteroid administration, would, on this h 3 ’pothesis, be 
due to the fact that AAF and hence AWF, were no longer required. Also, 
the presence of high blood corticoids together with adrenal h 3 'pertroph 3 ’, 
as is found in continuous stress, could be accounted for. 

On this h3’pothesis too, the findings of IMcCann and Brobeck and Greer 
and Erwin could lie explained. A median eminence lesion might destro 3 * 
either the centre rc.sponsible for the stimulation of AAF relea.se or that for 
.VWF release or, if (he 3 ’ are close^v related, both, so that ambiguous results 
inaA- be obtained. In connection with Greer and Erwin’s suggestion that 
Pitressin mav not pla 3 ' a significant role in the control of corticotrophin 
secretion, the present data would suggest that this hormone is associated 
with the release of A.\F onh", so that if the supra-optic and paraventricular 
nuclei are responsible for the release of AAF, then the destruction of these 
nuclei might induce adrenal lyvpertropln’. A similar reaction is suggested 
for the adrenal hypertrophy in neuroln-popliA-sectomized rats in which the 
release of AAF in response to s\-.stemic demands was blocked. This hyper- 
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troph}^ tended to be even greater ndien, in addition, the response to emo¬ 
tional stresses was blocked b}^ reserpine. 

In addition to the consideration of an ACTH factor responsible for 
adrenal hypertrophy the findings in adrenal-enucleate animals are of in¬ 
terest since they agree with those of Ganong and Hume (30) who suggest 
that the pituitary maintains a basal secretion of ACTH in the presence 
of lesions of the median eminence which abolish compensatory and stress- 
induced adrenal h 3 'pertrophy. It appears that the adrenals regenerate, 
under the influence of this basal secretion, to the percentage weight of 
10-11 mg. This secretion is not blocked bj'^ reserpine, but just as Ganong 
and Hume prevented stress-induced adrenal h 3 ^pertrophy by h 3 ^pothalamic 
lesions, so I blocked this h 3 ^pertroph 3 f 1)3^ the injection of reserpine. Sclnei- 
der, Holden, Rinehart and Moore (31) showed that reserpine probabl 3 ’’ 
blocks afferent impulses and does not depress centres within the hypo¬ 
thalamus, so that although the mechanism whereb 3 '^ this h 3 fpertroph 3 ’’ was 
blocked probabl 3 ' differed in the two cases, a distinction between the 
mechanisms involved in the release of the basal secretion on the one hand 
and the factor responsible for adrenal h 3 ^pertroph 3 " on the other, is indi¬ 
cated. 
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ABSTRACT 

A study was carried out to determine wlictlier tlie secretion rates of aldo¬ 
sterone and of hydrocortisone are subject to regulation by receptors located in 
the atria of the heart. In dog.s, the right or left atrium was stretched with su¬ 
tures which e.xtended from the atrium to the thoracic wall. Adrenal venous 
blood was collected and analyzed for aldosterone and hydrocortisone. Follow¬ 
ing right atrial stretch the aldosterone seeretion rate was significantl 3 ' reduced. 
However, stretching the left atrium was without effect on the secretory rate 
of aldosterone. These findings strongl.v suggest that the secretion of aldosterone 
may be regulated in jjart by stretch receptors located in the right atrium. 

S OME 3 ^ears ago J. P. Peters postulated that t]ie secretion of electro¬ 
lyte-active steroids is under the control of the volume of the vascular 
S 3 'stem ( 1 ). The theory has been \videl 3 " discussed (2, 3). The demonstra¬ 
tion that aldosterone is the principle electrolyte-active steroid of the adren¬ 
al cortex stimulated reinvestigation of this concept. Urinaiy aldosterone 
levels fall after water-loading and rise after loss of body water (4, 5, 6 ). 
Loss of blood has been shown to stimulate aldosterone secretion in the 
dog (7, 8 ). The well-documented increase in aldosterone secretion following 
sodium deprivation (9) has been thought b 3 ’^ some workers to be mediated 
b 3 ^ contraction of bod 3 ' fluid compartments rather than b 3 ' direct action 
of the sodium ion ( 6 ). 

However, the ph 3 ^siological S 3 'steni Avhereb 3 ' changes in bod 3 " fluid vol¬ 
ume mediate changes in steroid output has remained unknown. Receptors, 
afferent pathways and central integrative mechanisms have never been 
elucidated. Hemy and his collaborators have demonstrated that distension 
of the left atrium in dogs induces a prompt diuresis and have proposed that 
atrial stretch receptors pla 3 ^ a part in the homeostatic regulation of Avater 
balance (10). It AA^as of considerable interest to determine Avhether a similar 
Amlume receptor mechanism might exist for the control of electroNte 
homeostasis, mediated b 3 " the adrenal cortex. UnfortunateR the reports of 
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these workers do not shed light on the problem. In Henry’s experiments 
the atria were distended for only a few minutes at a time. Significant 
changes in the rate of steroid secretion occur rather slowly (11). Following 
complete hj-pophysectomy the steroid secretion rate remains high for 15 
minutes or longer, and then gi-adually declines, reaching the low rate char¬ 
acteristic of h 5 'pophysectomy only after approximately one hour. Steroid 
mediated changes in urinary electrolytes would not be anticipated in the 
short time periods studied by Hemy and his coworkers. Further, the tech¬ 
nique of placing balloons in the atria (which introduces the complication 
of reducing cardiac output) does not permit study of the effects of longer- 
term distension of the atrium. Accordingly, a simple technic was devised 
to stretch the atria without the introduction of balloons. The results indi¬ 
cate that the right atrium contains receptors which when subjected to 
stretch act to inhibit the secretion of aldosterone. It is postulated that this 
system may function to control steroid secretion in response to changes in 
the volume of blood in the right atrium. 

METHODS 

Eighteen male mongrel clogs weighting 15.5 to 20.5 kg. were divided among four 
e.xperimental groups as follows: controls (4), open chest shams (4), open chest plus left 
atrial stretch (5), and oi)en chest plus right atrial stretch (5). In each c.vperimcnt the 
animal was anesthetized with sodium pentobarbital and an e.vternal jugular vein and a 
common carotid artery cannulated for subsequent infusions and mean arterial blood 
])ressure determinations. In the four control experiments the left lumbo-adrenal vein 
was cannulated and adrenal venous blood was collected for a two hour period. In the 
other three groups of animals the chest was opened by a transverse incision in the left 
third or fourth intercostal space and alternating positive pressure artificial respiration 
was instituted. An incision was made in the pericardium ventral to the left phrenic 
nerve of suflicient length to exjjose either the right or left atrial appendage. The cut 
edges of the pericardium were elevated and secured to the chest wall. 

Eor right atrial stretch, a suture was pas.sed through the tip of the atrial api)endage. 
Similar sutures were placed between the base of the appendage and the sulcus termi- 
nalis, one near the entrance of the superior vena cava and the second near the entrance 
of the inferior vena cava. Suflicient tension was applied to the sutures to visibly stretch 
the atrial wall in a circumferential manner, without changing the general orientation of 
the heart structures. The free ends of the sutures were then secured to the wound 
edges to maintain the tension. 

For left atrial stretch, three sutures were also employed, one at the tip of the atrial 
ap])endage and the second and third near the openings of the pulmonary veins on oji- 
])osite sides of the base of the appendage. In the sham-operated animals, sutures were 
placed without tension in the right atrium (2 dogs) and in the left (2 dogs). In each 
e.\])eriment the e.\])oscd imrtion of the heart was covered with gauze moistened with 
wanned saline. 

One hour following stretch of the right or left atrium, or placing of sutures in the 
sham-oiieratcd groujis. the left lumbo-adrenal vein was eannulatcd and adrenal venous 
blood collected for a two-hour period. Periodie rectal temperature and mean arterial 
blood ])rcssure observations were made. The temperature was maintained between 35 
and 40° C with heat lamps. .Arterial blood pressure was supported when it fell below 
SO mm. llg by infusing 0.29c norepinephrine in 59c glucose. Heparin (100 imr.l w.w in- 
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jeeted intravenously just prior to the eaunulation of the adrenal vein to prevent clotting. 

The adrenal venous effluent was collected in vessels at 0° C. Immediately following 
the collection period the sample was diluted with an equal volume of water and ex¬ 
tracted with a volume of chloroform equal to that of the blood-water mixture or frozen 
for subsequent extraction. Aldosterone and hydrocortisone were isolated by paper chro¬ 
matographic methods (12) and quantitated by absorption at 240 mju. in methanol. Evi¬ 
dence for the identity of aldosterone, which was isolated as the diacetate, was obtained 
by mixed chromatograms with authentic aldosterone diacetate, and by bioassay follow¬ 
ing hydrolysis (acetylcholinesterase) (12). The isolated material was indistinguishable 
from authentic aldosterone by these criteria. 


RESULTS AND DISCUSSION 

The results of these studies are summarized in Table 1. 

Random selection of animals resulted in an equal distribution of body 
weights among the various experimental groups. 

The mean arterial blood pressure tended in general to fall during the 
course of the experiments, requiring norepinephrine infusion in some in¬ 
stances. Three animals of the left atrial stretch group, 3 animals in the 
right atrial stretch group, 1 animal in the sham-operated group, and 2 of 
the intact animals received norepinephrine during the course of the experi¬ 
ment (Table 1). Examination of the steroid secretion rates in those animals 
receiving the sympathetic amine in the various groups failed to reveal any 
consistent evidence of a stimulating action of the drug on steroid secretion. 
This is in agreement with the findings of Newman and co-workers (13) that 


Table 1. Body weight, arterial blood pressure, volume of adrenal venous blood, 

BODY temperature, AND STEROID SECRETION IN CONTROL, SHAM, AND ATRIAL STRETCH DOGS 


Experimental Animal 
group number 

Body vvt., 
kg. 

Average 
arterial b.p. 
during collec¬ 
tion period, 
nun. Hg. 

Volume of 
Adrenal 
venous 
blood, 
ml. 

Ar-erage body 
temperature 
during collec¬ 
tion period, 

“ C 

Hj'dro- 
cortisone 
secretion, 
pg.As. 
body wt./lir. 

A/do- 
sterone 
secretion, 
^g./lOO kg, 
body u't./hr. 

Intact controls 1 

22.0 

98.7 

325 

37.7 

42.8 

60.5 

2 

21.0 

126.2 

1060 

38.S 

43.0 

53.9 

3* 

21.0 

101.0 

540 

39.3 

60.8 

42 2 

4* 

21.0 

113.0 

560 

38.5 

71.5 

48.9 

Mean and Standard Error 

21.2 + 0.25 

109.8±6.2 

621+155 

38.610.34 

54.517.1 

48.912.4 

Sliam-operated Lt. 5* 

15.5 

85.0 

200 

36.4 

45.2 

53.7 

Rt, B 

20.5 

86.0 

310 

35.1 

23.5 

33.0 

Rt. 7 

23.5 

130.0 

260 

40.3 

21.4 

41.0 

Lt. 8 

26.0 

135.0 

720 

37.5 

71.0 

45.3 

Mean and Standard Error 

21.1+2.1 

109.0±J3.6 

370±1IS 

37.3 + 1.12 

40.2111.7 

43.314.3 

Left Atrial Stretch 9* 

20.0 

103.5 

220 

36.5 

23.7 

36.8 

10 

22.5 

107.7 

100 

37.3 

20.6 

60.5 

11* 

23.0 

92.7 

390 

35.5 

18.5 

50.5 

12 

21.6 

110.0 

370 

36.4 

19.9 

25.5 

13* 

20.0 

104.0 

400 

36.6 

35.5 

38.5 


- 

- - -■ 

_— 

. —— — 

■- ■ 1 

— 

Mean and Standard Error 

21.4 + 0.62 

103.5±3.0 

296 + 59 

36.4 + 0.291 

23.6l3.lt 

42.3 + 6.0 

Right Atrial Stretch 14 

26.5 

91.1 

--- 

35.8 

36.7 

11.9 

15* 

21.5 

95.0 

320 

37.2 

18.4 

26.8 

16* 

21.5 

125.0 

350 

39.3 

16.8 

30.7 

17* 

22.0 

77.1 

200 

37.9 

6.8 

29.4 

18 

21.0 

120.5 

400 

38.9 

20.8 

20.4 

Mean and Standard Error 

22.5±1.0 

101.7±9.2 

318 + 42 

37.810.63 

19.914.St 

23.8±3.5t 


* Infusion of norepineplirine in 5% glucose solution was necessary during some part of fhe e-vccriinental p 
I" These values are sisnificantly different from those of the sham-operated group (p <.01). 
i See text for discussion of statistical validity. 
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norepinephrine is without effect on hydrocortisone and aldosterone secre¬ 
tion in the cat. The average arterial blood pressure during the period of 
adrenal venous blood collection was not significant!}’ different among the 
various experimental gi'oups (Table 1). 

Venous pressure was measured in the external jugular vein in two addi¬ 
tional animals by means of a saline manometer adjusted to zero at the 
level of the right atrium. In both animals an increase of approximately 
5 cm. saline pressure was noted when the chest was opened. In one animal 
an additional increase of 2 cm. saline pressure was seen when the peri¬ 
cardium was elevated. In both animals stretching of the right atrium re¬ 
sulted in a decrease of 0.5 cm. saline pressure. It seems probable that the 
modest change in venous pressure following right atrial stretch would not 
have a significant effect on the experimental results, although further .study 
is clearly needed. 

The volumes of adrenal venous blood collected over the two hour bleed¬ 
ing periods are presented in Table 1. The average volumes obtained from 
the three groups of animals subjected to open chest surgery were very simi¬ 
lar and appeared to be somewhat less than in the intact gi'oup. However, 
large variations were noted, and the differences between the means are not 
satislically significant. The higher average volume of adrenal venous blood 
in the intact group appears to be due to an unusually large adrenal blood 
flow in one animal (Table 1). Careful examination of the data failed to 
reveal any consistent correlation between volume of adrenal venous blood 
and steroid output. This is in agreement with earlier observations that the 
steroid secretory rate is largely independent of the adrenal blood flow 
within wide limits (7). 

The body temperatures tended to fall during the cour.se of the experi¬ 
ments. However, the average body temperatures in the open-chest sham 
and right atrial stretch groups, though slightl.v lower, are not significantly 
different from those of the intact controls. On the other hand, the left 
atrial group had a significantly lowered temperature, as compared to the 
intact conti’ols. Whether this reduction (about 2.2° C) affected the results 
with re.spect to hj’drocortisone secretion remains unanswered. The work of 
lugdahl, Nelson and Hume (14) indicates that hydrocortisone secretion is 
reduced in hypothermic animals, although the temperature ranges at which 
marked reductions in hydrocortisone secretion were observed in their e.x- 
poriments were much lower than are reported here. In any event, the reduc¬ 
tion in body temperature in the left atrial stretch group was apparently 
without eflect on the aldosterone secretion rate, since the rates of output of 
this steroid were within the control range. 

1 ho rates of secretion of hydrocortisone were somewhat variable. In the 
sham-operated group the rate of output of hydrocortisone seemed to be on 
the average somewhat le.ss than in the intact control group. However, 
because of variation among the individual animals this apparent difference 
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is not statistical^’- significant. The values in the right and left atrial stretch 
groups are significantly lower than in the intact controls (p <.01) but not 
when compared to the more appropriate controls, that is, the sham- 
operated group (P<.2>.1). Interpretation of the data is consequently 
difficult, and a final statement must await further studies using larger 
numbers of animals. It seems likely that if the number of animals in the 
sham-operated group were increased, a significant depre.ssing effect of the 
open-chest procedure per se could be demonstrated, as well as a further 
depression b}^ atrial stretch. 

Tlie rates of secretion of aldosterone are presented in Table 1. In the 
control animals the aldosterone secretion rate was 48.9+2.45 (S.E.) 
jug./lOO kg. bod}'- wt./hr. In the four sham-operated animals the aldoster¬ 
one secretion rate was 43.3 +4.30. This value is not significantly different 
from that in the controls (P <0.3 >0.2). When the left atrium was stretched 
the rate of secretion of aldosterone was 42.2 +6.03, which is not significant¬ 
ly different from that in either the sham-operated or the intact control 
group (P <0.4 >0.3). In the dogs subjected to right atrial stretch the 
aldosterone secretion rate was 23.8 ±3.46 jug./lOO kg. body wt./hr. This 
is a highly significant reduction in secretion rate as compared to the intact 
(P<.01), sham-operated (P <.01), and left atrial stretch groups (P <.05). 

Distention of the right and left atrium b}" external tension was chosen 
in favor of a balloon in the atrium as used by Henry and co-workers be¬ 
cause it was felt that the former would peimiit direct visualization of the 
degree of distention and that it would not impede blood flow through the 
heart. Cardiac output determinations were not carried out in these experi¬ 
ments. The decrease in aldosterone secretion that was seen following 
stretching of the right atilum ma}^ have been mediated b}* a decrease in 
blood flow through a sensitive area on the arterial side of the vascular sys¬ 
tem, or by congestion on the venous side. If this is the case, it appears that 
the effects on these parameters of right atrial stretch are much different 
from those of left atrial stretch, since the aldosterone secretion rate was 
significantly different between the two gi’oups. It is of interest that the 
adrenal blood flow was approximately equal in these two experimental 
groups, indicating that if a difference in cardiac output was actuallj" pres¬ 
ent, it was not reflected in a change in adi-enal blood flow. 

The existence of nerve endings in the atria, bases of the venae cavae and 
pulmonarj’- veins which could seiwe as stretch receptors has been docu¬ 
mented histologicall}'- b}^ Nonidez (15). Paintal has recorded impulses in 
vagal fibers which seem to respond to changes in atrial filling (16). Al¬ 
though it seems a reasonable possibility, it remains to be demonstrated 
that these receptors are concerned in the reflex suppression of steroid secre¬ 
tion suggested b}^ our experiments. 
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ABSTRACT 

Previous studies have sliown that rat kidney slices contain an enzyme 
which deiodinatcs thyroxine to j’ield triiodotliyronine. Further, a soluble en¬ 
zyme has been obtained from sonically disintegrated rat kidnej' mitochondria 
which converts thyroxine and triiodothj'ronine to the corresponding acetic 
acid analogues. 

In the present study the metabolism of P^'-labclled triiodothyronine bj' in¬ 
tact and solubilized mitochondria of rat kidney, liver, heart and brain and by 
homogenates of spleen and intestine was examined. 

With the intact mitochondrial enzyme system two types of reactions were 
observed. Deiodination of triiodothyronine occurred most activcl}" in kidney, 
liver, heart, spleen and brain. Intestine showed ver}' little deiodination. The 
second reaction involved the conversion of triiodothyronine to triiodothyroace- 
tic acid. This was observed chieflj’ in kidne.y, although a small peak of triiodo- 
thyroacetic acid radioactivity was regularly observed with liver. 

Sonic disruption of the mitochondria resulted in loss of the deiodinating 
activitj' and an increase in the conversion of triiodothyronine to triiodothj’ro- 
acetic acid bj’ kidney, liver, heart and brain. 

The presence of the enzyme system for converting triiodoth 3 '’ronine to tri- 
iodothyroacetic acid in the mitochondria of organs other than the kidne}’ in¬ 
creases the likelihood that it has a phj'siologic role in the action of the hormone. 

In this connection it should be noted that the tissues most susceptible to the 
stimulating effect of thjwoid hormone (heart, kidne,y, liver) are the most active 
in this transformation. 

T hyroxine is metalDoUzed in several ways by extra thyroidal tissue. 

Some of these, such as the conjugation with glucuronic acid and dis¬ 
ruption of phenoxy linkage ( 1 ) bj' the liver, are presumably detoxicative. 
The deiodination of thju'oxine to triiodoth3a‘onine, on the other hand, 
might be prerequisite to the peripheral action of the th3a’oid hormone. The 
best evidence for this h3^pothesis Avas given b3’' Sheehan ( 2 ), MacLagan ( 3 ) 
and Wilkinson ( 4 ) aaLo demonstrated that n-but3d 4-h3^drox3"-3: 5 -diiodo- 
benzoate Avhich blocks the deiodination of both th 3 a’oxine and triiodoth 3 a’o- 
nine, suppresses the metabolic effect of the former AAdiile enhancing the 

Received April 21, 1958. 
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latter. The conversion of tlijToxine to triiodothyronine has been observed 
repeatedly in th}Toidectomized animals and in in vitro systems. 

Further reactions involving the alanine side chain of both thyroxine and 
triiodothyronine have been reported. Conversion of th 3 a-oxine and triiodo- 
th^Tonine to their corresponding acetic acid analogues bj" cell free enzyme 
S 3 'stems prepared from rat kidne 3 ' mitochondria was observed (5, 6). A 
similar reaction has been found in the case of triiodoth 3 Tonine in the intact 
animal (7, S). It is not known whether such a transformation is degradative 
or important to the derivation of an intracellulai’l 3 " active hormone. Sup¬ 
port has been given to the latter alternative b 3 ' the observation that tri- 
iodoth 3 Toacetic acid is approximatel 3 '^ 10 times more active than tri- 
iodoth 3 Tonine in uncoupling oxidative phosphoiylation in heart mito¬ 
chondria (9), a proposed mode of action of the th 3 Toid hormone. 

If triiodoth 3 Toacetic acid is a metabolicall 3 ' active derivative of tri- 
iodoth 3 Tonine it is probably formed hi situ since it has been shown that 
following intravenous administration in the intact animal it is rapidl 3 ' 
eliminated b 3 ’- the liver (10). In the original studies onl 3 " kidney was used; 
therefore, it is important to examine other tissues for this specific enz 3 'me 
system. The present paper presents experiments on the in vitro metabolism 
of triiodoth3Tonine b3'’ various organs including brain, heart, liver, spleen, 
intestine and kidne 3 ". 


METHODS 

Materials and Preparation 

Org.ans of fem.ale rats (Si)raguc-Dawlcy 1.50-200 gm.) were used in all experiments, 
.\fter homogenization in sucrose the mitochondria of kidne.v. liver, heart and brain were 
isolated l\v the method of Schneider (11). Because of difficulty in the isolation of mito¬ 
chondria from spleen and intestine, whole homogenates centrifuged for ten minutes at 
4° C at GOO G were used. The soluble enz.vme s.vstems were prepared by disruption of 
the mitochondria of kidnej-, liver, heart and brain in the Raytheon 10 KC sonic oscil¬ 
lator for eight minutes with aleohol at —o” C as the coolant. The sonated preparation 
was centrifuged at 100,000 G for .30 minutes and the supernatant dialyzed against 2 
liters of distilled water at 4° C for 4 hours. 

licaction Procedure. 

The reaction mixtures (final volume 3 ml.) contained 2.o p moles of DPN, .50 p moles 
of phosphate bulTer. jiH 7.4, and 2 ml. of enzvine preparation. (Enz.vme concentration: 
homogenate 10%; intact mitochondria 20-25 mg, of jirotcin; solubilized mitoehondria 
.5-10 mg. jirotein except for heart which was 1-3 mg. protein). To each flask was added 
.05 micrograms of P’'-labcllcd chromatographicall.v pure l-triiodoth.vronine.= The reac¬ 
tion mixtures were incubated at 37° C for 2 hours. Enzvme preparation boiled for 10 
ininutes and unincubated .systems were used as controls. 

-'Reparation of Products 

.\t the end of incubation a 150 lambda aliquot of the reaction mixture was ehromato- 
■ Obtained from Abbott Laboratories. 



210 ALBRIGHT, TOMITA AND LARSON Volume 64 

gi'iiphcd directly. Fifty microgr.ams of non-radioactive triiodotliyronine,^ triiodothyro- 
acetic acid^ and iodide were added to the mi.vtiirc as markers before application to the 
pai)cr. I’lic solvent system employed was tertiary amyl alcohol saturated with 2N 
NH|OH run in descent for 24 hours at room temperature (6). The radioactivity was 
located in the strips by a continuously recording chromatogram scanner equipped with 
an end-window G.M. eounter. The position of the th 3 'roninc marker compounds was 
determined b.v color development with 4-amino-antip.vrine reagent (12), and iodide by a 
starch-iodatc reagent. 

RESULTS 

Witli ilie intact mitochondrial enzyme sj'stem prepared from the organs 
studied two types of reactions were observed. As shown in Figure 1, de- 
iodination of triiodothyronine occurred most actively in kidney and liver, 
with less activity in heart, spleen and brain. Intestine showed very little 
deiodination. The second reaction involved the conversion of triiodothyro¬ 
nine to triiodoth.yroacetic acid. As seen in Figure 1, this was observed 
chieflj" in kidne.y, although a small peak of triiodothyroacetic acid radio¬ 
activity was regularly observed with liver. 

With the solubilized mitochondrial enz^-me s^’stems the deiodination of 
triiodotl yroniiie was sharply reduced. As shown in Figure 2, disruption of 
the mitochondria resulted in the loss of deiodinating activity in kidney, 
liver, heart, and brain. In contrast, the conversion of triiodothyronine to 
triiodothyroacetic acid appeared to be enhanced by sonic disintegration 
of the mitochondria. Comparison of Figure 1 and Figure 2 reveals the 
increased formation of triiodothyn-oacetic acid by solubilized mitochondria 
of kidney and liver, and the formation of a detectable quantity of tri¬ 
iodothyroacetic acid by the heart preparation. Brain activity remained 
equivocal. 

DISCUSSION 

Deiodination reactions involving thyn-oxine have been observed in a 
variety^ of tissue preparations. In rat kidneys slices the major deiodination 
product was triiodothyuonine (13, 14). Homogenates and extracts of sev¬ 
eral tissues have been studied by'' MacLagan (15) and Ruegamer and 
Yunis (16). With these preparations the deiodination proceeded more 
rapidly and the formation of triiodothyronine was not observed. Tri¬ 
iodothyronine was deiodinated apparently'' by'^ the same enzyune sy'stem at 
a rate at least equal to the deiodination of thyroxine. Ruegamer and Yunis 
observed further that the deiodinating activity of their homogenate prepa¬ 
rations was associated with the particulate matter of the cells. The present 
study' indicates that in the case of triiodothy'ronine the deiodinase enzyme 
exists in connection with the mitochondria of kidney', liver, heart, spleen 
and brain. Further, this activity is dependent upon the integrity' of the 

® Obtained from Smith, Kline and French Laboratories through tlie courtes.v of A. E. 

Homing. . 

^ Obtained from Hoffmann-La Roche, Inc. through the courte-sy' of M. J. Schmnn. 
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Fig. 1. Mi'tiiboli'^in of labollcd triiodothyroninp by intact mitochondria of kidney 
li\cr. heart and brain, and by boinogcnatc of 'Jjilccn and intestine. Position of non- 
radioactivc marker iodide shown by cro=s hatclicd liar, triiodotliyronine i)y ‘-obd liar 
nnd triiodothyroacetic acid by oiien bar. O—origin of cliromatogram. Clinnnatograpliu 
front not shown. 
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mitochondria as deiodination is sharply reduced following sonic disruption 
of these particles. The loss of deiodinating activity attendant upon dis¬ 
ruption of the mitochondria is believed not to be due to dilution effect, as 
was I’eported b}^ Tata ( 17 ) working Avith dog brain suspension, since the 
same Aveight of tissue AA^as used in preparation of both intact and solubilized 
mitochondria. Failure to demonstrate deiodination in previous experiments 
AAuth intact mitochondria Avas probablj'^ due to the extraction of the reac¬ 
tion mixture Avith butanol prior to chromatography. 

If the deiodinating enzyme observed in the slice experiments and in the 
cell free preparations is the same, the accumulation of triiodoth3nonine 
in the intact cell sugge.sts the presence of a trapping sj^stem AA^hich is de- 



Fig. 2. Metabolism of labelled triiodothyronine by solubilized mitochondrial enzyme 
system of kidney, liver, heart and brain. Position of non-radioactive marker iodic c 
shoAvn by cross hatched bar, triiodothyronine by solid bar, and triiodothyroacetic acicl 
by open bar. 0—origin of chromatogram. Chromatographic front not shown. 
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stro 3 'ed b}" the disruption of the cell. Within this h 3 ^pothesis, such a S 3 -stem 
might provide a self regulatory mechanism within the cell. The accumula¬ 
tion of triiodoth 3 Tonine would enhance the metabolic activit 3 ' of the hor¬ 
mone, either per sc or as a precursor of an active compound derived pcs- 
sibl 3 ' through alterations in the alanine side chain. Deiodination of tri- 
iodoth 3 Tonine, on the other hand, would result in loss of hormonal activit 3 '. 

The enz 3 'matic formation of triiodotlyroacetic acid from triiodoth 3 To- 
nine was first observed using rat kidne 3 ’^ mitochondria (5). A preliminarv 
surve 3 " of other organs of the rat failed to reveal similar activit 3 '. The use 
of intact mitochondria or homogenates in the initial surve 3 ' probabl 3 " ac¬ 
counted for the failure to observe triiodoth 3 u-oacetic acid formation. It is 
clear from the present stud 3 '- that disruption of the mitochondria enhances 
the triiodoth 3 Tonine to triiodoth 3 Woacetic acid conversion. This nia 3 ' be 
accounted for at least in part b 3 ' the destruction of the deiodinating S 3 "stem 
1 ) 3 ' sonic disruption, which in intact mitochondria competes for the labelled 
substrate. In liver, where deiodinating activit 3 ' was the greatest, for 
example, it was difficult to demonstrate triiodoth 3 'roacetic acid formation 
with intact mitochondria, whereas with the solubilized enz 3 ’me rather large 
amounts of triiodotlyroacetic acid were produced. 

The presence of this enz 3 'me S 3 'stem in the mitochondria of tissues other 
f han kidne 3 ', together with the observation that intravascular triiodoth 3 ’- 
roacetic acid is rapidl 3 ' eliminated (10), makes it appear unlikel 3 ' that tri- 
iodothyroacetic acid is formed in the kidne 3 ' for use elsewhere in the body. 
It appears more likel 3 ' that maiy tis.sues can cany out this conversion. The 
presence of this enz3'me S3’stem in these tissues increases the likelihood 
(hat it has a role in the metabolism of the hormone. That this role ma 3 ' be 
physiologic is suggested 1 ) 3 ’’ the ob.servation that tissues most susceptible 
to the stimulating effect of th 3 'roid hormone (heart, kidne 3 ' and liver) (IS), 
are most active in converting triiodoth 3 Tonine to triiodothyroacetic acid. 
It must be emphasized that the presence of triiodoth 3 Toacetic acid in this 
metabolic sequence does not necessaril 3 ' mean that it is the active hormone, 
.'^ince it ma 3 ' well be a precursor or product or one of man 3 ' hormones. 
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PATHOLOGIC CHANGES IN ADRENALECTOiAIIZED, 
SENSITIZED RATS TREATED WITH 
ADRENAL CORTEX EXTRACT' 
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The Ben May Laboratory for Cancer Research, University of Chicago, Chicago. Illinois 

ABSTRACT 

Male rats of the Spraguc-Dawlc.v strain were adrcnalectoinized and uni¬ 
laterally nephrcctomizcd at an initial weight of about 300 gms. The rats were 
adapted to the tube-feeding of a medium carbohydrate diet which contained 
4% added NaCl by dry weight. Tlie following doses of adrenal cortex extract 
(ACE) were given b}- subcutaneous injection for 56 days: 0.0, 0.1, 0,2, 0.5, 1.0, 

2.0, 4,0 and S.O cc. i)er rat jrer day. When the dose of .\CE was I.O cc. per day 
or greater the blood pressure was elevated in proportion to the dose. Doses of 4 
and 8 cc. of .VCE per rat per day caused an increase in the amount of renal and 
myocardial pathology. .-Vrterioselerosi.s was not seen in any animal of the present 
study but has been seen in a small number of sensitized rats given large doses of 
ACE in other experiments. 

A NUMBER of sodium-retaining synthetic steroids cause damage to 
the kidney and to the cardio-vascular system when administered to 
experimental animals in high dosage. Damage is more likely to result when 
the animal is sensitizied by the removal of one kidney and l)y the adminis¬ 
tration of a high load of sodium chloride (1). Ingle and Baker (2) oliserved 
renal and cardiovascular damage in sensitized rats given large doses of 
adrenal cortex extract (ACE) and in subsequent experiments (3, -i) we 
have oli.served some elevation in blood pres.sure and some pathologic 
changes when doses of ACE nearer the physiological range were given to 
the sensitized rat. 

This is a report on the dose-response effect of ACE upon blood pres.sure 
and tis.sue changes in the adrenalectomized-sensitized rat. The data show 
a significant relationship between the dose of ACE and the extent of the 
changes from normal. 


METHODS 

Male rats of the Sprague-Dawley strain were maintained on .\relier Dog Pellet-; until 
they reached a weight of approximately 300 grams. They were then ada])ted to the 
tube-feeding of a fluid high .sodium chloride diet (Table 1) in the amount of 13 cc. each 
morning and late afternoon. Following adaptation to the diet all of the rat.« were sul)- 
jected to unilateral nci)hrectomy plus bilateral adrenalectomy. Clean but not sterile 

Received .Tune G, 195S. 
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technique was used. Immediately following operation each rat was given 5000 units of 
penicillin and 5 mgm. of streptomycin. This was not continued. Some of the rats were 
kept without replacement therap.y; the others were given vaiying doses of beef adrenal 
cortex extract (Upjohn), 1 unit per ml., in aqueous solution (ethanol-free) by subcu¬ 
taneous injection twice daily for a period of 56 days. 

For the detcrmhiation of blood pressure tlie rats were anesthetized with ether and the 
abdominal aorta was cannulatcd below the level of the renal arteries. The cannula was 
attached by a short length of fine-bore rubber tubing filled with heparinized saline to a 
mercurj^ manometer. The record was taken when anesthesia was light, as judged by 
retraction of the rat’s hind foot on pinching. 

All rats were killed by exsanguination under ether anesthesia at the end of 8 weeks. 
Autopsy was ])erformed and gross changes noted. The heart, kidney and portions of 
liver, spleen, pancreas, lung, stomach and intestine were fixed in 10% neutral formalin. 


Table 1. High salt, medium carboiiydratb diet 


Constituent 

Grams 

Cellu flour 

GO 

Salt mixture U.S.P. XIV 

40 

Dried yeast (Pabst) 

100 

Wheat germ oil 

10 

Cod liver oil 

10 

Mazola oil plus 100 mg. K 

10 

Mazola oil 

190 

Casein 

160 

Starch 

300 

Dextrin 

150 

Sucrose 

140 

Sodium chloride 

50 


Hematoxylin and eosin was the routine stain and selected examples of heart and kidney 
were c.xamined by the periodic acid-Schiff routine, and Weigert’s rcsorcin-fuchsin stain 
for clastic tissue. 


EXPERIMENTS AND RESULTS 

ACE was administered in amounts ranging from 0.1 cc. per rat per day 
to 8 cc. per rat per da}". Dosage in relation to results is shown in Table 2. 
Eleven adrenalectomized-sensitized rats were kept without ACE; the high 
salt diet supported life. 

Survival. One rat died with symptoms of adrenal cortical insufficiency. 
Five rats died after becoming completely anuric. The body cavities were 
filled with fluid. The ureter of each of the 5 rats was found to be obstructed 
by gravel, the kidney of each had developed some degree of hydronephrosis 
and the pelvis contained gravel. We have no insight into the reasons for 
formation of the kidne}" stones but noted that death occurred onl}" in the 
rats which were either treated with small doses of ACE or were untreated. 

Growth. The higher doses of ACE caused some suppression of the amount 
of gain in weight and there was some suppression of hair-growth. The ani¬ 
mals treated with moderate doses of ACE gained more weight than the un¬ 
treated animals. There was some atrophy of th}"mus when the dose of ACE 
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was large and an increase in the size of th 3 'mus when the dose of ACE was 
small or when none was given. 

Blood pressure. The blood pressure was elevated above the average for 
untreated rats when the dose of ACE was 1 cc. or greater per rat per daj-: 
the extent of increase was related to the size of the dose. The average values 
for all of the sensitized rats of this stud.v was higher than the average value 
for normal rats. 


Table 2 Effect of ACE in adrenalectomized-sensitized (lmlateral nephrectoma, 
4% NaCl diet) for 5G daas Tcbe-feed 13 cc 2Xdaa 
Aaerages and standard errors 


nKperiinontal 

conditions 

No 

rats 

Gins 

bodj weight 

Organ wts 

. ingm 


Mm 

He 

BP 

Ratings of pathologx* 

Kidncx 

Heait 

Heart 

Kidnex 

Th> mus 

Initial 

Final 

Gross 

Micro 

Micro 

S cc ACE dT\ 

G 

311 


3S1 


1370 


2358 


220 


ISl 

2 7 

2 07 

1 0 



±4 

0 

±4 

G 

+ 28 

3 

±91 

2 

±16 

9 

±7 5 

±0 4 

±0 41 

±0 22 

4 cc ACE dij 

G 

313 


393 


1380 


2245 


290 


159 

2 3 

2 50 

0 67 



±2 

0 

±3 

9 

±28 

6 

±82 

4 

±18 

5 

±5 0 

±0 4 

±0 37 

±0 20 

2cc ACEdaj 

G 

319 


415 


1313 


2025 


549 


146 

0 7 

1 OS 

1 30 



±3 

6 

±8 

S 

±31 

1 

±90 

1 

±79 

8 

±5 9 

±0 02 

±0 26 

+ 0 25 

1 CC ACE d^^ 

7 

313 


307 


1197 


1839 


543 


139 

0 6 

2 00 

0 28 



±4 

4 

±5 

3 

+ 40 

5 

+ 43 

0 

±48 

7 

±1 0 

+ 0 01 

±0 51 


0 5 \cn daj 

4 

313 


418 


1245 


2077 


634 


128 

0 12 

1 25 

0 00 



±1 

3 

±4 

2 

±30 

7 

±46 

4 

±87 

3 

±4 5 

±0 01 

±0 20 


0 2 ACE dA> 

4 

321 


430 


1267 


2002 


739 


130 

0 3S 

0 50 

0 00 



±4 

2 

±4 

0 

+ 18 

4 

+ 58 

1 

±60 

5 

+ 3 2 

±0 02 

±0 19 


n I ACE duA 

6 

319 


412 


1195 


1885 


676 


129 

0 58 

0 50 

0 33 



+ 3 

5 

±5 

0 

±36 

6 

±90 

1 

±45 

1 

+ 1 4 

±0 08 

±0 21 


No ACE 

11 

310 


402 


1154 


1707 


65S 


131 

0 73 

0 91 

0 18 



±2 

<1 

±4 

9 

±16 

n 

±40 

8 

±40 

8 

±1 7 

±0 17 

±0 27 


Norinnls 

G 

308 


40S 


1130 


1335 


462 


l‘>t> 

0 0 



low salt diet 


±2 

5 

±3 

8 

±20 

2 

±25 

4 

±34 

1 

+ 1 3 





Uio rntinjrs of Rro^s renal pAtholoaj arc ba'^cd on the followmR «cnlc 0 =no nbnornialitr l=ftu tinr nodule*, 
- =niodcmt(.K nodular with some inotthnp, 3 =more nodule* inotthns with some Rra\ spots 4 s=rouph mottled with 
rod Spots, and 5 =clmnpcs hated preMou'iU more «e\ ere ciMng flea bitten p:raMsh-\ollow appearance 
rhe ratines of tlie micro ’ ' ’ ' ' ' ' 0—no abnormalit\ 

1 =n\pertroph> of plomeruli' mnntion 2 s=ncti\e ptl\it 

3 =clomorular nili •'clcro"!'. orartorinl<<5 

and o =snecro<!is of clomeruli j f mu«clc 2=foraItnflam 

Illation or fibro-Nis of mN ocard' «necro‘*’i«; of lusotardnim 

and or Msstl walls 


Heart. The average weight of the heart was greater in the rats given 
large doses of ACE. One rat given S cc. of ACE dailj' had visible gra.v spots 
in the vail of the heart. 

As in previous experiments (3, 4, 5), the microscopic changes in the heart 
weie assessed on the basis of muscle hj’pertroph.v (grade 1), the presence 
of granulomatous or fibrotic foci in the nn'oeardium (grade 2), and iTvper- 
lensive damage to the coronaiy blood vessels (grades 3 and 4: footnote to 
4 able 2). Changes in the heart were more common in the rats treated with 
3, 4 and 2 cc. of ACE (Table 2). The cardiac muscle cells hj-pertrophied 
and in some rats this was a.ssociated with focal lesions of the myocardium. 
Ihe\’ consisted of collections of macrophage cells, Anitschkow nn'OC\te''. 
and fibroblasts within the interstitial tissue (Fig. 1). Other rat< ."hoved fo¬ 
cal nyvocardial fibrosis, sometimes in relation to branches of the coionaiy 
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arteries. However, despite the record of hypertension obtained with the 
ihgher levels of ACE administration there was no evidence of hypertensive 
vascular damage to the arteries of the heart in an}-- rat. 

Kidney. There was a positive relationship between the dose of ACE and 
the average weight of the kidney. At doses of 4 and 8 cc. of ACE per rat 
per day there was an inci-ease in the amount of gi-oss damage consisting in 
mottling, roughness due to pits and nodules, and some kidneys had gray 
spots and red spots. At doses of 2 cc. and less the damage Avas minimal. 

As in previous experiments (3, 4, 5) the degree of microscopic damage 
to the kidney (footnote. Table 2) was assessed on the basis of focal inflam- 



Fjg. 1 . Heart. ACE S cc. daily. The 
cardiac muscle fibres are separated by a 
focus of fibroblasts and macrophage type 
cells. B.P. 195 mm. Hg. Haematoxylin 
and cosin X225. 


mation in the cortex or pelvis (grades 1, 2), glomerular tuft lesions (grade 
3), and the association of glomerular damage Avith hj^pertensiA'^e changes 
in the renal arterioles (grades 4, 5). Small focal areas AAuthin the cortex 
shoAving periglomerular fibrosis, a feAv casts AAuth atrophy of tubular epi¬ 
thelium, and some round cell infiltration AA’^ere present in some rats in all 
the experimental groups. ActiAm chronic inflammation of the renal pelvis 
Avas seen in 9% of the rats, but this AA''as not confined to animals of any 
one group. Glomerular tuft lesions occurred in rats treated AAoth 8, 4 or 
2 cc. of ACE (Table 2), but examples of this type of damage Avere seen in 
2 rats maintained on the salt diet AA'ithout hormone. The glomerular le¬ 
sions consisted of an increase in intercapillary hyaline material. In some 
instances the tuft Avas shrunken and the subcapsular space enlarged, AAdiile 
in others the hjmlinized tuft adhered to a thickened BoAAunan’s capsule so 
obliterating the space (Figs. 2 & 3). Although the blood pressure in rats 
treated Avith higher doses of ACE aa^s eleAmted there Avas no eAudence in 
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Fig, 2. Kidney. ACE 4 cc. daily. The 
Rloincrulus is partly hyalinizcd and ad¬ 
herent to Bowman’s capsule. The tubules 
are dilated. B.P. 15S nun. Hg. H.&E. 
XI85. 



Pig. 4, Kidney, .VCE 4 ce. daily, De- 
po'-it'. of caleificd debris arc jircsent be¬ 
neath the epithelium of the renal pelvi-.. 
H.A-E. X270. 
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Fig. 3. Kidney. ACE 4 cc. daily. Tlie 
glomerulus is almost completely scleroscfl 
and the subeapsular space is obliterated. 
The tubules are dilated. B.P. 150 mm. 
Hg. H.&E. X250. 



Fig. .5. Pancreas. .\CE S ee. d.-iih “Sm- 
net-riiiR” cell change is pre-eiit in the 
acinar tissue. H.AE. X2n.5. 



220 CRANE, PORTER AND INGLE Vohane 64 

these experiments of iiypertensive arteriolosclerosis or arteriolonecrosis 
affecting the arterioles of the kidney. In view of the deaths at tlie beginning 
of these experiments due to renal stone and hydronephrosis, it is of inter¬ 
est to record tliat 9 of the I'ais killed at the end of the investigation showed 
deposits of calcium salts beneath the epithelium of the renal pelvis (Fig. 4 ). 
Examples Avere seen in animals treated with ACE at several dose levels, in¬ 
cluding the higher range, and also in one rat maintained only on the diet. 

Other organs. Hypertensive vascular lesions were absent in the other 
organs taken for examination. Eight rats shoAved a focal “signet-iIng cell” 
change in the pancreatic acinar ti.ssue (Fig. 5 ). The significance of this 
finding is not clear, but it has been described by Salgado and Sel3^e (6) in 
the rat folloAving treatment Avith methjdandrostenediol. In our experiments 
it occurred in rats treated Avith ACE and in 1 rat maintained solely on the 
salt diet. 


DISCUSSION 

We anticipated some similarit}'^ in the kinds of tissue damage in this and 
in related studies ( 3 , 4 , 5 ). Unlike our preA'ious results we failed to repro¬ 
duce hypertensive arteriosclerosis, although hypertensive records AA’ere 
obtained manometricall}" in the present experiment. The rise in blood pres¬ 
sure and the extent of pathology shoAA’ed a positive relationship to the dose 
of adrenal cortical extract. Unti-eated sensitized rats shoAA^ed an average 
blood pressure higher than normal average and there Avas more microscopic 
damage to hearts and kidneys than occurs in normal animals on a normal 
intake of sodium. 

It may be appropriate here to discuss more fulh' the relationship of the 
pathological findings in the kidne}'’ to the rise in b'ood pressure. The most 
common finding in animals of all gi-oups AAms foci of dilated tubules con¬ 
taining protein casts and lined b^'’ a rather flattened epithelium AAdth baso¬ 
philic c3doplasm. In man3^ cases the related glomerulus shoAA^ed peri- 
glomerular fibrosis and an increase of 13'mphocytes AAms present in the ad¬ 
jacent interstitial tissue (grade 1 lesion). Such changes have been described 
in the kidne3" of the aged rat b3" Ingle and Baker (2) and more recently 
b3" Kenned3^ ( 7 ). The latter has shoAAm that the3^ develop at a rather earlier 
age, betAA^een one 3"ear and IS months, in the unilateral^ nephrectomized 
rat. Using much 3munger rats aa'C haA^e considered that these appearances 
are a result of focal chronic p3'^eIonephritis although the mechanism of their 
production ma3'- be more intricate. The3'- are not necessaril3^ associated 
AAoth obvious ascending infection in the medullaiy tubules. 

Glomerulosclerosis is also seen in the aging rat. In the present experi¬ 
ments it occurred most frequentl}'’ in those rats treated AAdth the higher 
doses of adrenal cortex extract in AAdiich h3'^pertensiA'^e records AA^ere ob¬ 
tained, but h3"pertensive arteriosclerosis AA^as not seen in an3" animal. We 
have no firm conviction that glomerulosclerosis alone (grade 3 lesion) can 
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be regarded as hypertensive in nature in the rat. Hypertensive vascular 
damage has been seen in a few indiA'idual sensitized rats given ACE in 
earlier experiments (3, 4). Here the rats were allowed to eat the 4% sodium 
chloride diet ad libittim, but the daily intake of the group was measured. 
The actual dietarj" intake of individual rats was not controlled. 

Small doses of ACE, as little as 1 cc. per rat per day, cause an elevation 
of blood pressure in the sensitized-adrenalectomized rat. Rats given 1 and 
2 cc. of ACE per rat per day have thj'mus glands which are heavier than 
average, a sign of insufficiency of thymolytic steroid in this dosage of ACE. 
Elsewhere (3, 4) we have noted that the non-adrenalectomized rat given 
a high salt load ma}" suppress its secretion of sodium-retaining steroids 
without a concomitant decrease in secretion of glucocorticoids. The ad- 
renalectomized rat given a constant intake of ACE is at a disadvantage 
in dealing with a high load of salt; an excess of sodium-retaining steroid 
may coexist with a relative deficiency of glucocorticoids. 

It is tempting to compare the effects of ACE in the sensitized rat with 
the effects of adrenal enucleation in the sensitized rat, but it is not shown 
that the administration of ACE can fully simulate the effects of adrenal 
enucleation which include severe hypertension and arteriosclerosis. The 
regenerating enucleated adrenal has not been found to secrete a greater 
than normal amount of sodium-retaining steroid (S). It is conceivable that 
the regenerating adrenal causes trouble by failing to suppress its secretion 
of sodium-retaining steroid to a minimum as can the normal adrenal which 
adjusts to a high salt load. Studies of the pattern and amounts of steroid 
secreted by the regenerating adrenal should include a time-response com¬ 
parison of steroid output bj’ normal and regenerating adrenals at both high 
and low salt loads. 
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PHASE RELATIONS OF 24-HOUR PERIODICITIES IN 
BLOOD CORTICOSTERONE, MITOSES IN CORTICAL 
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ABSTRACT 

Under conditions standardized for analysis of 24-honr jjeriodicity, with 
light from 06:00 to 18:00 alternating with 12 hours of darkness, corticosterone 
in mouse serum undergoes reproducible 24-hour changes, with peak blood levels 
at about 16:00. Significant differences in phase characterize the 24-hour 
rhythms in serum corticosterone and in mitoses of cortical adrenal paren¬ 
chyma; under the same lighting conditions, the peak of the latter occurs at 
about midnight. The corticosterone rhythm leads in phase the rhythm in gross 
motor aetivity and lags behind the eosinophil rhythm, in the absenec of inten¬ 
tional stimulation other than daily routine. As compared to the significant 
change in blood corticosterone level along a 24-hour scale, the immediate 
effect of audiogenic stimulation upon serum corticosterone is slight. It con¬ 
sists of a small rise following stiimdation at the time of the daily “corticosterone 
low” and is negligible after stimulation at the time of “corticosterone high.” 

The daily rhythm in blood level of adrenal 1 l-o.\ycorticoid in nocturnal mice, 
as compared to predominantly diurnal man is com])arable in amplitude but 
differs in its environmental phase relations, indicating a species difference in 
mode of synchronization of rhytlim. 

D aily changes in corticosterone content of mouse serum were studied 
by adapting several chemical methods (1-3) for use on small samples. 
The occurrence and the timing of daily changes in blood corticoid of mice 
had earlier been suggested from eosinophil behavior under various stand¬ 
ardized conditions (4-9) and blood-corticoid periodicit.y had been inter¬ 
preted as underlying a 24-hour adrenal cj’-cle, traced to the gland itself by 
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spot-checks of mitotic counts in its parenchjmia (10, 11). Herein, the 
periodicit 3 ' and phase of adrenal mitoses in relation to rln'thms in blood 
corticosterone and eosinophils will be described on the basis of more fre¬ 
quent sampling along a 24-hour scale, as a possible time base for future 
studies of hormone production and release. Since corticoids in the urine or 
blood of man or monke}' exhibit 24-hour variations (12-15), corresponding 
changes in nocturnal rodents are also of interest to comparative endocri- 
nolog_y. Inman, morningeosinopenia (16), as well as a rise in blood corti¬ 
coids (17), is initiated before the habitual time of awakening. The phase 
relations of the rh 3 ’thms in blood corticosterone, on one hand and in gross 
bod 3 ' activit 3 ' on the other, in mice studied under standardized circum¬ 
stances thus deserve interest. Will the dail 3 ' rise in blood corticosterone of 
mice lead the onset of gross bod 3 ’' activit 3 q as an endocrine entit 3 ' ma}' do 
(7, S), or will it lag behind as a mere “reaction to activit 3 '?” The sug¬ 
gestion that an adrenal c 3 'cle is preparatoiy for dail 3 ' activit 3 ' and that its 
period does not depend directl 3 '’ or soleh’^ upon environmental control 
(5-8, IS) differs from unqualified references 1) to dail 3 ' changes in corticoid 
levels as “responses to the stresses of dail 3 ' life” and 2) to a “basal” level 
of adrenal cortical activit 3 " as a characteristic of rest and/or sleep. 

The role of the adrenal C 3 'cle, in functional integration and environmen¬ 
tal adaptation has been discussed (7, 8, 18); this endocrine entity persists 
undei' conditions which obliterate the estrus cycle of mice (5) and it de¬ 
velops earlier than the menstrual C 3 ’cle in human beings (19). The main 
point of this paper is a description of the more detailed phase relations of 
some parameters of the adrenal cycle in mice, a documentation of mecha¬ 
nisms remaining be 3 'ond our scope. 

JIATERIALS .AXD METHODS 

Inbrc’d mice of the C(Bagg .Tll)ino) and the Ds (Dilute Brown, Suhline S) stoeks were 
u.'^ed, sex and age Ijeing given with the results. Blood eosino))hil eounts were done with 
assoinhlv-line jjrocedures (21), on sejrarate groups of mice, killed at 4-hour intervals dur¬ 
ing a 24-hour i)eriod. From the same mice, after eervieal disloeation. the adrenals were 
removed and mitoses in cortieal parenehyma were counted in histologic sections, .5 /a 
thick, stained with Heidenhain’s iron hematoxylin and faintly counterstained with eosin. 
The mitotic counts were done under oil immer.sion. in nearly equatorial sections of the 
cortex (at least 10 y apart from each other). Blood corticosterone was determined on 
cc. of serum, pooled from groups of o-Io mice. Two methods were used, a douhle 
isotope derivative assay (2), hriefly P, and a fluorometric technique (3). briefly S; method 

IS known to lack the specificity of P. which is more rigorous hut more time eonsuming 
than S. The much higher absolute values for cortieosteronc obtained (even on true 
du|)licates) with S cannot be interiireted as such and will be discussed only after conver¬ 
sion into “relatives” (% of 24-hour mean) (cf. Fig. 1). 

Corticosterone would appear to be the major steroid product secreted by the mouse 
adrenal cortex.■* Bush (22) had earlier reported that in the rodent, the iirincijial adreno- 

For a detaileil analysis of steroids in mice bearing an .VCTII producing tumor see 
reference 31. 
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Pig. 1. Some parameters of the dailj’^ adrenal cj'cle in the mouse. Absolute values. 
Top: Mitoses of adrenal cortex and blood eosinophils, in male C mice, 4 weeks of age. 
Bottom; 24-hour changes of corticosterone, determined bj^ different methods, P and S 
(see text and Figure 2). Each point based upon separate groups of mice (serially inde¬ 
pendent sampling as to animals). SIDSE=serially independent sampling as to en¬ 
vironment (groups of mice from experimental rooms not entered during the 24 hours 
prior to sampling); SDSE =seriall3^ dependent sampling as to environment (for a dis¬ 
cussion of such sampling procedures see reference 18). 
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cortical steroid is corticosterone; he could not detect any hydrocortisone. One of the 
present authors (Ralph E. Peterson) has assayed pooled mouse serum by the isotope 
derivative and an isotope derivative dilution method and found 7 tig.% corticosterone, 
hut no hydrocortisone. In addition, isotope derivative and isotope derivative dilution 
assays have been performed on mouse adrenal vein blood. (Dr. William Tullner kindly 
carried out the adrenal vein cannulations in the mice.) Hydrocortisone could not be 
detected. Corticosterone levels ranged from 500 to 700 /ig.%, and aldosterone levels 
were 10 to 20 A‘g-%- 

Body activitj' was recorded in ten electronic actometers, consisting of cages mounted 
on verticall}’ compliant suspensions, resonant at 90 hertz, which actuated motors from 
eIcctro-d 3 mamic speakers to provide velocity-sensitive transducers (23). Electrical out- 
l)uts were amplified and after amplitude discrimination actuated digital registers, which 
were simultaneouslj' photographed at hourly intervals. 

All of the experiments reported herein were carried out on singh'-housed animals with 
Purina dog chow and tap water available ad libitum from weaning and throughout the 
investigation. For nine daj’s prior to each studj-, and throughout the investigations, the 
mice were kept at 24.5±.5° C, in light from 06:00 to 18:00, alternating with twelve 
hours of darkness. 

RESULTS AND DISCUSSION 

Figure 1 shows the alisolute values obtained for mitoses in cortical 
adrenal parenchyma, for blood eosinophils and for serum corticosterone. 
On the curves for corticosterone, each point represents one determination 
on a serum pool from a group of animals, killed at a given time of day. Bj" 
contrast, the curves of eosinophils, mitoses, and bod}' activity consist of 
points representing a mean value, computed from the individual data. As 
group phenomena, the 24-hour rhythms studied stand out clearl}' in Fig¬ 
ure 1; only the curve for corticosterone at the bottom of this figure seems 
f.at, but this curve is incomplete, since the samples at OS :00 were inadvert¬ 
ently lost; the lack of data at the usual time of minimum value may have 
contributed to the lesser amplitude of that curve. 

Thc.se studies were carried out under standardized conditions, but earlier reference 
to the absence of intentional stimulation other than dail.v routine deserves comment. It 
is true that separate subgroups of comparable animals were studied at different time 

1) oints. But mice used later in the day were unintentionall.v disturbed by 1) noi=e which 
could not be avoided while removing the mice studied earlier from their cages, and bv 

2) the disruption of the dark period bv the use of a shaded flashlight (for locating the 
animals). IMoreover, visual and other stimulation (e.g., that associated with the i)rcsence 
of the c.xpcrimentor in the mouse room) also can affect the experimental animal (24. 25). 
Ihus, bj- using different mice at different time points, onh- serial independence as to 
animals was achieved while the effect of serial dependence as to experimental room re- 
luams to conudicate the data. As a spot-check on the later effect (serial deijendence as 
to environment), in some of the scries on corticosterone, at the last time point (08:00), 
comparable animals housed in a different but comparable room also were studied and 
•such data are included in Figure 1. At 08:00, the end of study, corticosterone vihu'-- 
Were usuall.v, but not invariabl.v, lower in mice disturbed lyv prior sampling at 4-hour 
intervals than in animals kept undisturbed in a different room. The effect of uninten- 
tiom.l stimulation of mice bj- the experinientors was not analyzed statistically in the 
limitul number of pertinent corticosterone pools, but it was highlv significant in com- 
1 arable data on several other rln'thms (e.g., mitoses in ear epidermis). 
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''spools from comparable groups ol mice socrificed ot comporoble limes during the some 24-hr period. 

Fig. 2. Daily change in serum corticosterone of mice. 

“Relative” values (% of 24-hour mean). 


Figure 2 includes additional data on corticosterone in mouse serum, all 
expressed as per cent of 24-hour mean. Reasonable agreement between the 
dail}^ changes depicted b,y methods P and S may first be seen from deter¬ 
minations on true duplicate samples. Even though, in absolute terms, 
higher values ai'e obtained by S than b}'- P, almost certainlj^ due to tlie 
lesser specificity of S, the cur^^es yielded by the two methods become com¬ 
parable after conversion of data to per cent of series mean. “Biologic” 
duplicates, i.e., two sets of determinations made bj^ method S on two sub¬ 
groups of comparaljle mice, killed at 4-hour intervals during the same 24- 
hour period are also in good agreement. Figure 2 shows, further, the rela¬ 
tive curves of “corticosterone’' for animals of different sex, but of the same 
stock and age, as u^ell as stock and age comparisons (some curves are re¬ 
produced in several comparisons). If, as seems likely, “relative” results ob¬ 
tained b}^ S depict changes in corticosterone level, it can be suggested first, 
that in mice of two stocks, of both sexes and of widely" different ages, 24- 
hour changes characterize the level of corticosterone in blood ;-and second, 
that the claiR^ peak in serum corticosterone of mice occurs at about 16:00, 
under conditions of light from 06:00 to 18:00 alternating with twelve 
hours of darkness (for the data on Ds females, ~15 months of age, see 
discussion below).^ 

* The two groups of mice were different in age, sex, stock, and in tliat the Ds mice 
had the Bittner mammary tumor agent, while the C mif'e did not have the agent. 
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As compared to the 24-liour periodic changes in serum corticosterone, 
occurring in mice on a standardized dai^"^ routine, the extent of change 
following exposure to audiogenic stimulation was small. Noise-sensitive 
Ds mice, about five weeks of age, were studied in a specially constructed 
stimulator;' at two phases of dail 3 ’’ C 3 'cle, the 3 ' were exposed for 60 seconds 
to noise of about 117 db (above 0.0002 d 3 mes/sq.cm. r.m.s. pressure), 
yielded b 3 ’ a noise generator. Individual animals were transferred from 
their cages to the stimulator within less than 30 seconds. Upon completion 
of stimulation, the animals were killed and pools of serum collected for 
corticosterone determination. Serum from animals with and without audio¬ 
genic convulsions was pooled separatel 3 ’’, as was serum from comparable 
animals not subjected to audiogenic stimulation. Determinations were 
done with P and S, on separate sets consisting of the three t 3 'pes of pools 
compared; the results of the two methods expressed as % change from the 
nonstimulated value were roughl 3 ' in agi-eement. 

Stimulation in the morning, not followed b 3 ' convulsion, had a slight 
effect: an average increase in serum corticosterone of 19.6+6.9 per cent 
was found for three pools obtained after stimulation, as compared to three 
paired pools from nonstimulated mice, when the latter values were equated 
to 100 per cent. B 3 ' contrast, five simitar comparisons of values after stimu¬ 
lation in the evening, not followed 1 ) 3 ' convulsion, with corresponding 
values on nonstimulated mice revealed no effect: two pools after stimula¬ 
tion were higher, two were lower, and one was equal to a paired pool from 
nonstimulated animals. With the value for nonstimulated mice equated 
to 100 per cent, the corresponding difference of — 2.S ±16 seems negligible. 
Furthermore, following stimulation in the evening, three pools also were 
collected from animals exhibiting audiogejiic seizures. The mean difference 
between the corticosterone level in these pools, on one hand, and that in 
paired pools from nonstimulated animals was negligible, i.e., —4.8 ± 13 per 
cent. 

Figure 3 shows 24-hour changes in gro.ss bod 3 ' activit 3 ' of two different 
populations of mice kept in different but comparable rooms; the sensitivity 
of the actometers was adjusted to record “washing” movements as well as 
locomotion. As was anticipated (26-28), both curves exhibit significant 
periodicity, but the peaks occur at different times. Uach curve is based 
upon data from five mice, in individual actometers, kept in a room housing 
also comparable animals used for the collection of .serum for corticoid de¬ 
terminations. Each activit)' value repre.sents an integi-ation of actometer 
counts over a given 4-hour period and is plotted at the midpohit of that 
period. The corticosterone values describe discrete 4 -hourl 3 ' samj)les: j)eak- 
or troughs lying between the times chosen for sampling thus mav have l)oen 
obscured. This limitation notwithstanding, it is of interest to counterpo-e 

' To ln' clescrihoil elpe^\Iu'rc. enn^tructe*! !•>' K. .siiiuiaila with a4vici' from Dr. L. 
Harli" and R. P. Featiiorstone. 
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to the curve in body activity, the corresponding curve for blood “corticos¬ 
terone" (S). Such a comparison in Figure 3 suggests that a) the curve for 
“corticosterone" rises before that for body activity, b) the peak for “cor¬ 
ticosterone" precedes that for body activity, and that c) “corticosterone" 
levels have dropped below their day mean at a time when body activity is 
still above this mean (100 per cent line. Fig. 3). Along a 24-hour scale, the 
changes in serum corticosterone thus appear to lead in phase those in gross 
body activity and almost certainly do not lag. 



Fig. 3. Daily clianges in gross body activity of two populations of mice^ in relation to 
corresponding changes in scrum corticosterone. The latter rhythm leads the former. 

Reciprocal phase relations among 24-hour rh 3 ’-thms in blood eosinophils, 
serum corticosterone, and mitoses of adrenal cortical parench 5 TOa ma}" be 
examined in Figure 4. The top half of the figure shows that in the mouse a 
rise in eosinophils occurs before that in corticosterone, dail}'^ eosinopenia, 
in turn, lagging behind the start of corticosterone rise. Aceordinglj^, the 
blood eosinophil peak occurs before that in corticosterone, while the peak 
of mitoses in adrenal cortex occurs later. The present, more complete curve 
for cortical mitoses agrees well with earlier results of spotchecks (10, 11)- 
The relation of mitosis to secretion in the gland has previousl}^ been dis¬ 
cussed on the basis of time relations between rh 3 dhms in eosinophils and 
cortical mitoses (10, 11); those earlier inferences seem to be supported by 
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the phase relation of the curves for cortical mitoses on one hand and for 
.cerum corticosterone on the other. It is of further interest that the mitotic 
rh 3 'thm of the adrenal cortex is substantially out of phase with rhythms of 
mitoses in liver parench 3 "ma or skin epidermis (29); the peak of the latter 
rhythms occurs during the middle of the light period, in animals of com¬ 
parable stock and age, i.e., at a time when the adrenal cortical rh 3 'thm is 
Ijelow its day mean. 



24:00 06100 12:00 18:00 24:00 06:00 

TIME 


Fio. -1. Somp pammptprs of the daily adrenal cyele. “Relative" values (% of 24-hour 
luean). The lighting regimen on abseissa applies strietly only to data on the mouse. 

Lastly, a species difference in corticosterone rh 3 -thm between human 
beings on one hand, and mice on the other, is shown in the lower half of 
Figure 4. Data obtained by one of us on dail 3 ' changes in blood cortisol 
and corticosterone of hiunan beings (30) are graphed against the changes 
reported herein for serum corticosterone in the mouse. The curves of cor¬ 
ticosterone in nocturnall 3 ’ active rodents and predominanth’ diurnal nian 
are out of phase, thus revealing a difference in mode of stmehronization 
witli the environment. 
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THE INFLUENCE OF CORTISONE GLYCINATE AND TES¬ 
TOSTERONE GLYCINATE ON ADRENALECTOMIZED 
GOLDEN HAMSTERS AND CONTROL HAMSTERS 

G. KALLISTRATOS and K. D. VOIGT* 

2rjd Medical Clinic, Universili/ of Hamburg 
Hamburg-Eppc7idorf, Germany 

ABSTRACT 

I'lio biological properties of cortisone glycinate and testosterone glycinatc— 
two highly water soluble synthetic steroids—and of cortisone were compared 
in adrcnaloctomizcd and non adrenalcctoinized golden hamsters (Mcsocricetus 
auratus). Special attention was paid to their effect on body and liver weight 
and liver components. Testosterone glycinatc and also large doses of cortisone— 

1000 pg./lOO gm. body weight—were found to have a toxic effect on golden 
hamsters whether adrenalcctoinized or not, while the toxicity of cortisone 
glycinate was very low. In contrast to testosterone glycinate cortisone and 
especially cortisone glycinate were effective in sustaining life in adrcnalccto- 
mized animals. Cortisone caused an increase, testosterone gh’cinate a de¬ 
crease in liver weight both in adrenalcctomized and non adrcnaloctomizcd 
hamsters. With cortisone glycinate a normal development took place. The gly¬ 
cogenic properties of cortisone and of cortisone glycinatc—but only after pro¬ 
longed administration—were apparent both in adrcnalectomizcd and in control 
hamsters, while testosterone glycinatc did not posses any activity in this re¬ 
spect. The fat concentration of the liver was increased following administration 
of cortisone, but hardly responded to administration of both the other com- 
liounds. Cortisone and testosterone glycinate treatment of adrenalcctoinized 
animals caused a decrease in jihospholipid concentration in the liver, whereas 
cortisone glycinate tended to maintain normal levels. Suggestions arc jiresented 
in an attempt to exiilain these different effects. 

T he liiological properties of certain amiiiosteroids liave been discu.'^.secl 
in previous publications (1, 2, 3a, 3b, 4). Steroids linked with amino- 
acids were produced chiefly in order to increase the solubility of steroids. 
It was lielieved that—within the organism—these N-steroids would be 
rapidly hydrolysed to liberate the corresponding steroid. Subsequent ex¬ 
periments with such compounds showed that the biological action of the 
amiiiosteroids was not entirely identical with that of free steroids. Tes¬ 
tosterone glycinate has no androgenic properties as compared with free 
testosterone: no testosterone glycinate was found unchanged in the urine 
(o). Vjven certain steroids linked with succinic acid (e.g. corti.^one hemi- 
succinate) have biological properties different from those of free steroids 
(()). Jacoliy and Tompkins (7) demonstrated, that hemi.'^uccinatcs could 
he reduced without previous saponification. 

Received .Tune 11. 195S. 

' Read in jiart before a meeting of the Congress of Swi-s and German .Soeietie- for 
Bbys-iological Chemistry, Basel, September 1957. 
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This paper presents tlie results of an investigation into the influence of 
two synthetic steroids—cortisone glycinate and testosterone glycinate (8) 
—on body weight, liver weight and liver composition in adrenalectomized 
golden hamsters (Mesocricetus auratus) and non-adrenalectomized con¬ 
trols. 


METHODS 


Exj)crimcntiil animals usod wlu'rc goklan hamstors, as these arc known to lack ac¬ 
cessory adrenals (9, 10). The animals were separated according to sex and then divided 
intoadrenalectomized groupsand control groups, eachgroup inchidingat least 20 animals. 
The a])pro.\imate body weight was 40-60 gm., and the approximate age 8-10 weeks. The 
animals were given a standard diet ad libitum and received daily injections of the N- 
steroid tested (200 gg./lOO gm. i)ody weight) and of cortisone (1000 gg./lOO gm. body 
weight). Experiments were carried out over a period of 44 days; one group of adrenalec¬ 
tomized animals and one group of controls were saerified for correlative anafysis on the 
7th, 14th, 24th, 34th and 44th day. In animals given steroids with a toxic effect or lack¬ 
ing life-sustaining properties, exi)criments naturally had to be terminated after 14 days or 
in same cases after 7 days. 


Experimental animals: 
Divided into: 

Treated with: 


Interval until death: 
Factor.s determined: 


Plan of invcsliyation 

golden hamsters (Mesocricetus auratus) 
adrenalectomized animals and controls 
cortisone (1000 /ig./lOO gm. body weight daily) 
cortisone gl.vcinate (200 ;ug./100 gm./day) 
testosterone glycinate (200 /ug./IOO gm./da.v) 

7, 14, 24, 34, 44 days (animals saerified by decapitation) 

a) body 

1. initial and ultimate I)ody weight 

2. ratio between body weight and liver weight 

b) liver 
1. liver weiglit 


2. nitrogen 

3. phosphorus 

4. glycogen 


5. fat 

0. phospholipids 

7. cholesterol 

8. bile esters 


0 


CIE-0-C-CH,-NH2 • IIBr 


C-Cir 2 -NII..-IIBr 

I 

t) 



c=o o 

^OH 



Tcslosterone glycinate hyclrohromidc 


^^^{alcohol 241 mu. 

Molecular extinction ale. 14.700 

tjSwSr 248.™. 

Molecular extinction water 14.100 


Water solubility 200 mg./ml. 


Cortisone glycinate Injdrobromkle 

238 »4. 

Molecular extinction (ale.) 14.700 

TTTr^ (max 

UVX(,vater 245 mu 

Molecular extinction water 14.500 

W.ater solubilitj' GO mg./ml. 


In alcohol, testosterone glycinate hydrobromide and cortisone glycinate hydrobro¬ 
mide have a UV absorption maximum of about 240 mu., which is characteristic of 
A^,3-ketosteroids. Both are highly water soluble, in which respect they have a great 
advantage over cortisone or other steroids. 



February, 1050 STEROID GLYCINATES IX THE GOLDEN HAMSTER 233 

RESULTS 

Normal untreated golden hamsters showed an increase in body weight up 
to 16% after 34 days; after adrenalectomy, animals showed a decrease in 
body weight of about 26%, and died after 5-7 daj^s. 

Testosterone glycinate was found to have a toxic effect on golden ham¬ 
sters whether adrenalectomized or not. The majoritj" died after 7 days, 
showing a slight decrease in bodj'^ Aveight (about 8%). Testosterone gb'ci- 
nate proved to have no life-sustaining properties in the adrenalectomized 
animals, Avhich died Avithin 5-7 days after administration shoAving a de¬ 
crease in bodj' AA'eight comparable to that in the control group. 

Large doses of cortisone (1000 /zg./lOO gm. bodj" AA-eight) also had a 
toxic effect. The loss of AA-eight accompan 3 dng administration of this sub¬ 
stance has preAToushy been reported bj'^ other authors. Prolonged adminis¬ 
tration of cortisone AA'as found to be fatal. Most of the animals died after 
20-30 daj^s’ treatment, shoAA'ing a decrease in bodj" AA-eight of about 30%. 
Cortisone sustained life in adrenalectomized animals up to 34 daj's but 
failed to stop the loss of AA-eight. 

Cortisone glj’cinate did not affect normal development of bod.v Aveight 
in golden hamsters during the first 24 daj's of administration. The increase 
in body Aveight throughout this period roughly corresponded AA’ith that in 
the controls. After prolonged treatment (exceeding four Aveeks) there AA-as 
a very marked increase in body AA'eight, up to 40%. This phenomenon AA-as 
associated Avith an increase in liAmr glj-cogen concentration and premature 
maturation of reproductive organs. Cortisone gl.ycinate AAms very effective 
in sustaining life in adrenalectomized animals, although there AA-as a de¬ 
crease in bod}" AA-eight during the first tAvo post opera! iA’e Aveeks. The ani¬ 
mals regained initial Aveight A’alues and exceeded them, hoAvever, 4-5 
Aveeks after adrenalectomy (Fig. 1). 

The influence of these .synthetic steroids on the liA"er Avas investigated 
Avith special reference to their effect on glycogen, fat phospholipid, choles¬ 
terol, cholesterol-ester and pho.sphorus concentrations. 

Findings shoAved that the average liver AA-eight in normal golden ham¬ 
sters Avas 3 gm. This Avas naturally reduced after adrenalectomy, chiefly 
due to loss of AA-ater and organic components. Liver AA-eight Avas also reduced 
folIoAA-ingadministrationof testosterone glycinate, both in adrenalectomized 
animals and in controls (Fig. 2). 

Cortisone caused an increase in liA-er AA-eight in adrenalectomized animals 
and controls. As a result of the decrease in body Aveight folloAving adminis¬ 
tration of cortisone the percentua! increase in liA-er AAcight relative to hody 
Aveight Avas even more marked. 

Cortisone glycinate slightly increa.<ed liver Avcight but only after jn-o- 
longed admini.stration (exceeding 1aa-o AA-ceks). Adrenalectomized animals 
treated Avith cortisone glycinate shoAved a decrease in liver Aveiaht Avithin 
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the first two weeks but i-egained initial weiglit values when administration 
was prolonged. 

Tlie ratio between bod.y weight and liver weight is a useful aid in dis¬ 
tinguishing between loss of body rveight and loss of liver weight. In normal 
golden ham.sters the ratio was found to be 6.4; a reduction of this ratio fol¬ 
lowing adrenalectomy (down to 4.5) shows that tlie loss of liver weight ex¬ 
ceeds the loss of body weight. It should be pointed out that all figures were 
statistical!}^ computed; the stati.stical significance of the deviation was also 
determined. 





Not adr. ect. 
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28,0 
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m t 2rf 


96,2 t 15,4 


71,8 i 13,3 


Cortisone 


mi 2i 


82,1 i 25,4 


67,1 i 16,9 


Fig. 1. Bodj" weight curve in nclrenalcctomizcd golden liamsters and in controls. 
Values i’epre.sent pei'centage increase or decrease relative to initial weights. 


Liver glycogen concentration: this Avas about 13 mg. glycogen per 
gramme fresh liAmr Aveight in untreated controls—a figure con-esponding 
Avith that found in other laboratory animals. The fall in glycogen concen¬ 
tration folIoAving adrenalectomy is attributable to glycogenolysis as a 
result of the operation, and to the lack of adrenal hormones Avhich prevents 
the liA'^er from forming neAV glycogen. Testosterone-glycinate had no glyco¬ 
genic effect either in adrenalectomized or in control animals. 

The glycogenic properties of cortisone glycinate Avere apparent both in 
adrenalectomized and in control hamsters but only after prolonged ad¬ 
ministration (exceeding 24 days). Cortisone had marked glycogenic prop- 



















rchniary, WoO STEROID GLYCINATES I^T THE GOLDEN HA:MSTER 235 

erties event within a week of its administration and even in adrenalecto- 
mized animals (Fig. 3). 

Overbeek ci al. (11) investigated gl 3 'cogen activitj' in starving rats and, 
under special conditions, established a limited glj'cogenic effect of cortisone 
glj'cinate. Cortisone hemisuccinate resembled glj'cinate in this respect. 

The fat concentration in the liver in normal golden hamsters amounted 
to 30 nig./gm. liver weight. This concentration was increased following 
cortisone administration, and slight^'’ decreased following administration 
of testosterone glj'cinate or cortisone gl 3 ''einate. 


Not adrenalectomized 



adrenalectomized 
« + 



34 44 days 

tuntreated animals 
.Cortisone 
aCortisone-glycinate 
oTesto.-glycmate 
•fmore than 80% dead 
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1,894 1 0,92 
2,2861 0,98 
2,9331 1,42 
3,1371 1.40 

40 

2,0301 0,57 


4,337 1 1,44 


Fig. 2. Liver weiglit curve in .‘Kireiialectoinizcd hamsters ami in controls. Tlie slope 
of tlie absolute values which arc given in the table is shown in part I. Part II shows the 
vahie.s expres.scil bj- the ratio between liver weight and body weight. 


The liver fat concentration following adrenalectom 3 ’ was 30 mg. gm. 
fresh liver weight—identical with the concentration prior to adrenalectomv 
in view of the decrease in liver weight which follows adrenalectomv, how¬ 
ever, the total fat concentration of the liver was evidenth' reduced after 
the operation. 

The fat concentration of the liver was increased following administra¬ 
tion of cortisone, even iji adrenalectomized animals, but it hardlx’ re¬ 
sponded to administration of testosterone glvcinate or cortisone glvcinatc 
(I'ig. -1). Kendall and Heilman (12) demonstrated that administration of 
several other steroids to mice was followed by' a decrease in body weight 
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Fig. 3. Liver glj'cogen curve in adrcnaloctoinizcnl liamsters and in controls. 
Values show absolute content in nig./gm. liver weight. 
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Fig. 4. Liver fat curve in adrenalectomized hamsters and in controls. 
Values show absolute content in mg./gm. liver weight. 
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adrenaleclomized 

Not adrenalectomized 


t untreated animats 
X Cortisone 
a Cortisone-gtycinate 
0 Testosterone-qtycinate 
+more than 807i dead 


7 14 24 34 44 days 


Treatment Days 


~3'4 44 Jays 7 14 24 34 44 days 


Controts Cort.-gtycinale Testo-gtycinate | Cortisone 


Ani- 


- 26 

Ani¬ 

mals 

m 

i 26 



Not adr. ect 7 28 15,8 t 2.21 

14 
24 
34 
44 


adr. ect. 


30 14,8 t 2,82 



20 10,0 i 4,59 


i 26 


10 10,44 + 4,54 


40 14,3 + 4,44 10 11,7 + 5,37 

10 11,7 + 2,85 


Fig. 5. Liver phosiiliolipicl curve in adrenalectomized hamsters and in controls. 
Values show absolute content in mg./gm. liver weight. 


and an increase in Ijodj' fat (from 3 to 18%). Fattj’ degeneration of the 
liver has likewise lieen reported. 

The phospholipid concentration of the liver in the animals under investi¬ 
gation amounted to about 50% of the fat concentration, the remaining 
50% con.sisting of about l/30chole.sterol, 1/50 cholesterol-ester and further 
neutral fat and fatty acids. 

Administration of cortisone to adrenalectomized animals caused a de¬ 
crease in jihospholipid concentration per gramme liver weight. This was 
also the case with testo.sterone glycinate, whereas cortisone glycinate 
tended to maintain or to increa.se the phospholipid concentration (Fig. 5). 

An increase in cholesterol concentration per gramme liver weight was 
seen following adrenalectomy in the control group, whereas a decrease oc¬ 
curred following administration of testo.sterone glycinate and cortisone 
glycinate. The phosphorus level of the liver was determined on the basis of 
inorganic phosphorus. There was an increase during glycogenolytic proc- 
e.sses (e.g. adrenalectomy), and only a slight increase during glycogenic 
proce.sses (cortisone administration). 


DISCUSSION 

In the past few years there has been an increased interest in steroid- 
protein complexes (13-19) and in the steroid-ainino-acid compound.s 
(3a, 3b) as well as in the influence of some known steroids upon the liver 
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composition (20-31). In an investigation of the question regarding the 
properties of such siiljstances the use of syntlietic ciystalline compounds 
may be valuable. 

Testosterone gl3^cinate Avas found to have a toxic effect, AAdiereas the 
toxicity of cortisone glycinate Avas very Ioav in golden hamsters. Compara- 
th'^e iiiA^estigations into larger doses of cortisone shoAved that cortisone is 
less toxic than testosterone gl3^cinate but more toxic than cortisone gb^ci- 
nate. Cortisone glycinate Avas as effectWe as cortisone in life-sustaining 
experiments in adrenalectomized animals. Testosterone glycinate shoAA'ed 
a complete lack of life-sustaining properties. 

Both cortisone and testosterone glycinate caused a decrease in body 
AA'eight, most marked in the case of cortisone although, as pointed out, testo¬ 
sterone glycinate Avas more toxic. Cortisone glycinate caused no decrease 
in body Aveight, normal development continuing until the 24th day. Weight 
development AA^as accelerated after the 24th day, an increase to 40% being 
determined Avithin 10 days. An accelerated increase in liA'^er glycogen AA’as 
likeAvise observed. It is difficult to explain this phenomenon. The golden 
hamster perhaps does not possess a specific enz3mie to ly’-drolyse cortisone 
glycinate into free cortisone and glycine. Such an enzyme may be formed, 
hoAvever, after prolonged administration of cortisone glycinate. This theory 
Avould seem to be supported b3’- the literature, Avhich includes some reports 
on similar cases of adaptive enz3mie formation. The change in the liver 
glycogen concentration folloAving prolonged administration of cortisone 
glycinate sIioaa's a distribution curve identical Avith that of free cortisone 
AAUthin the first Aveek of administration. Cortisone glycinate shoAved eosino- 
phile depressing properties, as also in the case of cortisone. The problem 
becomes eA^en more complicated Avhen the bod3’’ Aveight and fat composition 
of the liAmr are taken into account. Cortisone administration causes a de¬ 
crease in bod3'' AA^eight, AAdiereas cortisone gl3'cinate increases bod3'’ Aveight. 
Onl3" minor fluctuations in the liver fat concentration Avere seen folloAA’ing 
treatment of animals AAdth testosterone glycinate or cortisone glycinate, 
Avhereas cortisone caused a rise in fat concentration, prolonged administra¬ 
tion of large doses giving rise to fatt3' infiltration of the liAmr. The phospho¬ 
lipid content AAms decreased after cortisone or testosterone gl3^cinate treat¬ 
ment, remaining Avithin normal limits after cortisone glycinate administra¬ 
tion. Amino-acid esters of steroids therefore Avould seem to haAm special 
biological properties in some respects. Certain other cortisone deriAmtives— 
e.g. cortisone hemisuccinate—shoAved antigenic properties Avhen combined 
AAdth boAune serum albumin in rabbits (32). Some testosterone deriAmtives 
AAdth substitution in C3 or C17 antagonize testosterone, e.g. testosterone-17- 
chlorocarbonate (33) and testosterone-3-(0-carbox3dmethyl)-oxime (32). 
This corroborates our obserAmtion that cortisone gl3minate shoAA'ed a 
gonadotropic effect on golden hamsters, and it ma3'^ be explained on the 
basis of a secondaiy effeet. Schneider and Frahm (34) also described pitui¬ 
tary stimulation effected b3^ some aminosteroids isolated from urine. 
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The biological properties of cortisone gl 5 'cinate and some nitrogen-bear¬ 
ing steroids isolated from aqueous adrenal extracts require further investi¬ 
gation M'ith a view to possibilities of practical application. Such compounds 
probably interfere with the fat metabolism, as suggested b 3 'Schmitz and 
Hilgetag (35) and Schmitz and Ktihnau (36) with reference to certain ad¬ 
renal fractions. The low toxicit}’- and the biological properties in general, 
furthermore, render cortisone glj'cinate a suitable new synthetic com¬ 
pound for introduction into the series of applied hormonal preparations. 

REFERENCES 

1. A'^oigt, K. D.: ILabilitation-schrift, 1955, Hamburg. 

2. A'^oigt, K. D. and AA^ Schkoedgr: Acta endocrinol. 21: 343. 1956. 

за. A^'digt, K. D. and G. Kallistrato.s: Syniposion 5. cltsch. Ges. f. Enclocrinologie, 
Freiburg. 1957. 

3b. A'^oigt, K. D. and G. Kalli.stratos: Endokrinologic 35: 56. 1957. 

4. ScHROEDER, AA^ AND K. D. A^oigt: Ada endocrinol. 27: 110. 195S. 

5. OvERDEEK, G. a.; Personal communication. 

6. Kracht, J.: Personal communication. 

7. .Jacoby, AA^ B. and G. M. Tomkins; Science 123: 940. 1956. 

S. VAN Dorp, D. A., H. P. de Jongii and Boldt; 1st synthesis. 1957. 

9. KCchmeister, H. and G. Assmann: Klin. IFsc/ir. 1043. 1952. 

10. ScuROEDER, AA^ and K. Boiile: Acta endocrinol. 24: S. 1957. 

11. OviniBEEK, G. A., J. DE AbssER AND J. VAN DER ATes: International Congress on 
'J'hcrap}’-, Utrecht, June 1957. 

12. Kendall, E. C. and F. R. Hiulmann: Proc. slaJT. meet. Mayo clinic 31: 454. 1956. 

13. SzEGO, C. i\I.: Colloquia on Endocrinology, Ciba Foundation 11: 286. 1957. 

14. Aueshkina, L. .1., Y. N. Bukin, N. N. Erofeteva and E. P. Skorobogatoba: 
Biochimija {USSR) 22: 384. 1957. 

15. Bukin, A'^. N. and L. J. Aresiikina: Biochimija (USSR) 15: 448. 1950. 

16. Deborin, G. -A. AND L. B. Gorbatsciieva; Biochimija 18: 618. 1953. 

17. 'rRoiTSKii, G. A'". AND L. S. Tarasova: Biochimija 20: 19. 1955. 

18. Troitskii, G. A'’, and D. Sorkina; Biochimija 21: 784. 1956. 

19. A'endt, A'^. P.: Vitamini {USSR) 2: 25. 1956. 

20. .Aterman, K. and N. D, .Ahmad: Lancet 1: 71. 1953. 

21. Benton. D. .-A., .A. E. Harper and C. .A. Elvehje.m: J. Biol. Chem. 218: 693. 1956. 

22. Bernard, K. and F. Lindlar: //c/p. physiol, pharm. Acta 14: 113. 1957. 

23. Blaupin, 0. AND .A. .Aschkenazy: Comtes rend. soc. biol. 149: 1886. 1955. 

21. Dulin, AA’. E.: Proc. Soc. Exp. Biol. 92: 253. 1956. 

2.5. Kupperman. H. S., E. L. AA’yant and A. C. Degraff: Metabolisin 4: 50. 1955. 

26. Kepinov, L.: Comtes rend. acad. sciences 243: 187. 1956. 

27. KrCskf.mper, H. L. and G. Schulze: Arch. exp. Path., Berlin 227: 161. 1956. 

28. Levin, L. and R. K. Farber: Ree. Progr. in Hormone Research, 7: 399. 1952. 

29. Smith. M.: Biochem. ./. 59; 52. 1955. 

30. Studf.r, ;A.; Z.j. ges. exper. Med. 121: 287. 1953. 

31. 1ILLING, AA’. and H. Thomann: Z.f. d. ges. inn. Med. 10: 1161. 1955. 

32. h.RLANGER. B. F., F. Borek. S. M. BeiseraandS. Lieberman: j. Biol. Chem. 713: 
228. 19.-)7. 

33. 1 ruNER. C. D.: General Endocrinology, Philadelphia, 4/7. 1955. 

31. ScHN'i:iDER. AA’. and H. Frahm: .\cla endocrinol. 20: 279. 1955. 

3. ). Schmitz. E. and G. Hilgetag: Xatiirici.ss. 21: 626. 1933. 

зб. Schmitz, E. and J. KChnau: Biochem. Z. 259: 301. 1933. 



LONG TERM EFFECTS OF DEUTERON IRRADIATION 
OF THE RAT PITUITARY' 

DONALD C. VAN DYKE, MIPIAM E. SIMPSON, ALEXEI 
A. KONEFF AND CORNELIUS A. TOBIAS 

The Institute of Experimental Biology, Deparlnietit of Anatomy and Donner Laboratory of 
Biophysics and ]\Iedical Physics, University of California, Berkeley, California 

ABSTRACT 

An investigation lias been made of the iong-term effect of low radiation 
doses to tlie rat pituitary using a high energy deuteron beam. Tiie pituitaries 
were irradiated when tlie rats were 28 days old. Tlie animals were maintained 
up to 27 months thereafter. A total of 138 controls and 1G9 treated rats were 
studied. Groups varying in size from 7 to 20 rats at each dose of radiation were 
sacrified at intervals of about 3 months. 

The endocrine changes became increasingly more prominent with increasing 
dosage and with time. Within certain dose ranges the same terminal results 
were obtained, though the lower the dose the longer the period which elapsed 
before the ma.ximum effect resulted. 

The effect of the radiation on pituitary structure was as follows: decrease in 
size of all lobes; loss of demarcation between lobes; increased connective tissue 
in surrounding membranes and supporting framework and frequent small 
hemorrhages. In the anterior lobe the change effected in the shortest time and 
at the lowest close was degranulation and disappearance of acidophils. Baso¬ 
phils were less severely damaged. This differential action of radiation on the 
two types of chromophils was not noted in the earlier series of e.vperiments re¬ 
ported, where higher deuteron dosage was applied to the pituitary and prompt 
injurious action on its parenchyma resulted. 

The endocrine changes in organs dependent on pituitary secretion appeared 
in the following sequence: reduction in adrenal weight with adrenal cortical 
atrophy; decrease in thyroid size and evidences of inactivit}^ testicular atrophy, 
regression of male accessory organs and failure of sperm production. The 
sensitivity of body growth impairment was difficult to evaluate relative to 
other endocrine alterations, at least at lower doses of radiation, after which 
the endocrine changes did not supervene at once; bod}' size, particular^ length, 
could not regress, whereas the weight of the endocrine organs could. The se- 
verit}' of all these changes following irradiation, judged by weight or histological 
structure or function, increased with dosage as did the speed of onset. 

Adenomata were observed in pituitaries which had been irradiated with low 
doses. At the lowest doses, tumor incidence in irradiated pituitaries was three 
fold greater than in pituitaries of controls of the same age, whereas, at higii 
doses tumor formation was suppressed. The tumors were derived from chromo¬ 
phobes, chiefly, but from acidophils and basophils as well; mi.xed-cell ade¬ 
nomata were also observed. 
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Tumors occurred rather frequenth- in other endocrine organs during the sec¬ 
ond year. Thej' were no more frequent in experimental than in control animals, 
and after high radiation dosage no adenomata were present in the adrenal cor¬ 
tices or thyroids which had become hypoplastic as a result of pituitary injur 3 '. 

I T HAS been shown that the pituitaiy of the rat can be completeh’ or 
partiall}" destro 3 'ed b}" a well-localized beam of high energ}' deuteron 
particles, without evidence of serious damage to adjacent structures ( 1 ). 
In the first series of experiments in which such radiation was directed to 
the rat pituitar}", massive doses were given, ranging from 3000 to 25,000 
rep.' The observations made on groups of rats sacrificed at intervals from 
4 daj’s to 9 months post-radiation led to the following conclusions: 

1. The degree of destruction of the pituitaiy following radiation is a 
function of the post-irradiation period as well as of the dose. 

2 . Onlj" the highest doses, 18,900 rep and above, led to prompt and 
complete destruction of the pituitaiy. After lower doses, 6300 rep or 
less, the destruction was not complete even man}^ months after ir¬ 
radiation (9 months). 

3. There was no evidence of stimulation of the pituitarj- after the doses 
and periods of observation emplo 3 'ed, either from morpholog 3 ' of the 
anterior pituitaiy or from function judged b 3 - the dependent endo¬ 
crine organs. 

4. There was no evidence from the dose levels employed that the pitui¬ 
tary recovered after the damage caused by radiation at dose levels 
employed. Although mitoses were observed occasionall 3 ' the 3 ’’ were 
abnormal. 

5. No difference in sensitivit 3 ' of pituitaiy cell t 3 ’pes was reported, the 
high doses used being equall 3 ' destructive to all. 

6 . Bod 3 ’ weight increases and th 3 'roid weights were impaired soon after 
irradiation with dose levels from 6300 to 18,900 rep, but degeneration 
of the testes occurred much later. 

The present stud 3 ' is an extension of the previous work to include lower 
doses of deuteron radiation and longer po.st-irradiation intervals. The spe¬ 
cific objectives were as follows: to search further for evidence of a differen¬ 
tial effect of pituitaiy irradiation on cell t 3 'pes, particularh' those of the 
anterior lobe; to determine the long-term destructive effects of low doses 
on anterior lobe morpholog 3 ' and function, and to observe 0113 ' increase in 
the incidence of tumors in the pituitaiy or in other ti.<sues of the bod 3 -. 

M.\TERI.VL .VXD METHODS 

The procedure of alignment of the pituitaiy in the path of the deuteron 
beam, the size of the aperture, the roentgenographie check of alignment, 

■ To conform yifh tlio previous publication in thi^ ^cric-. (io-c-- arc rcportcil in rcj). 
Tiio new international dose unit i« rad; 1 nid = 1.0G rcj). = 100 cr" per pin. te-ue 
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and the method of measm-ement of radiation dose and its spread have been 
explained in det.ail in tlie previous publication (1). Tlie deuteron beam was 
collimated to confoian to the shape and dimensions of the pituitary by 
being passed through a brass aperture of triangular shape slightly larger 
than the pituitary. Having once determined roentgenogi-aphicall}^ with the 
aid of a lead phantom placed in the pituitary site in 7-elation to the occipito- 
sphenoidal syiichondrosis, it was possible to dii-ect the deuteron beam cor¬ 
rectly by i-elating it to this landmark. 

A group of 169 male rats of the Long-Evans strain were subjected to 
pituitai-}- irradiation at 28 days of age with doses of 945, 1575, 8150 and 
6300 rep. The ]ioi-mal controls (138 rats) were the same age and were main¬ 
tained undei- the same conditions. As in the pi-evious series all rats were 
given a complete diet which was fed ad lihilum. Periodically the general 
appearance, muscle tone, bod.y weight, tail length and an}^ grossl}^ evident 
abnoi-malities were i-ecorded. Groups composed of 7 to 20 rats which had 
received each dosage were sacrificed 3, 7, 12, 17, 22 and 27 months after ir- 
radiatio7i. The testes, seminal vesicle.s, pi-o.stxate, adi-enahs, th 3 Toid, thj^mus 
and pituitar}' were dissected, Aveighed and fixed foi- histologic stud 3 ^ The 
testes and thyroid Avere fixed in Bonin’s fluid and embedded in paraffin and 
stained AA-ith hematox 3 -lin and eo,sin. The adi-enals Avei-e fixed in neut7-al 
foi-malin and sectioned Avhile frozen to be stained, subsequently, AA-ith 
Sudan black for lipid. The pituitary glands Avere fixed in Zenker-formol, 
sectioned at 4 jiiici-a aftei- nitrocellulose e77ibeddi77g and stained Avith a 
modified i\Ialloi-,y-Azan stain (2) and also acco7-ding to the pei-iodic acid 
Schiff (PAS) technique folloAving Pin-A'es and Griesbach (3). Sections from 
5 leA^els of the pituitai-j^ Avei-e studied. 

RESULTS OF PITUITARY IRRADIATION ON STRUCTURE AND 
FUNCTION OF ENDOCRINE GLANDS 

The effects of irradiation of the pituitary Avere estimated both b.y assess¬ 
ment of its functional state during the life of the animal and bj^ the mor¬ 
phological changes in the dependent endocrine organs, as AA^ell as b}^ direct 
analysis of morphological changes in the pituitarjc Changes in groAvth 
hormone secretion Avere estimated from measurements of gain in body 
Aveight and dimensions. The effect on skeletal gi-oAvth, as indicated b.y the 
aAmrage increase in tail length, is shoAAm in Figure 1. (Data from the pre¬ 
ceding series is included for purposes of comparison.) The increase in di¬ 
mensions Avas not affected 945 rep, but at dose leAmls of 1575 rep and 
aboAm, tail groAvth began to lag behind that in normal rats, the retardation 
occurring sooner and being progresshml}'- greater at higher doses. 

In order to evaluate the dose-effect relationship the data were analyzed as follows. 
It was assumed that that part of the increase in tail length which is dependent on 
pituitary function is the difference between the tail length of normal rats and that of 
surgieallA’ hypoplp^sectomized animals. The tail length increase, 22 months post irradi- 
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iition, of groups receiving the various doses, is plotted as per cent of normal in Figure 
3. It can be seen from the figure that pituitarj- irradiation resulted in an impairment of 
tail grow th increment which was exponential. 

Let: 

Id = tail length increase of radiated rats receiving dose D 

li, = tail length increase of surgically hypophysectomized controls 

1„ = tail length increase of normal rats 

]■■;„ = (lose necessary to reduce to 50% the pituitary dependent tail growth (difference 
I)etwccn tail length of intact and hypophj'sectomized controls) 
c = hasc of the natural system of logarithms 

Then the percent change in tail increment is as follows: 

<#.T = 100 Dso « 5,500 rep 

In — Ml 



Fig. 1 . Fffcct of pituitary deutcron ir¬ 
radiation on tail length of male rats. (Rc- 
sult.s from dose of 12,000 rep are inter¬ 
polated (I).) 



Fig. 2. Body weight of rats following 
various doses of pituitary irradiation. .•Vfter 
945 rep a portion of the rats became obese 
during the .second year. 


The average increases in l)od}' weight after pitihtaiy irradiation as a 
function of time are plotted in Figure 2. Doses of 1575 rep resulted in slow¬ 
ing of bod}' weight increase but not in stasis. At 3150 rep marked decrease 
in rate of weight gain occurred within 1 month. The higher the dose the 
more rapidly stasis followed, but at no dose did growth stasis follow as 
promptly as after surgical hypophysectomj'. 

When Itln is the body mass of rats having received a dose D, .Mi, the nias« of hypo- 
idiyseelomized rats, and M,, the mass of normal controls, then; 

= 100 ^ Djo ~ 5500 rop. 

Mn — aIj, 

Comparison of and <!)„, in Figure 3 indicate.s the essential similarity of action of 
intuitary irradiation on tail length and body mass, when do«es above 3000 rep were 
given. The dove required for reduction of post-irradiation growth to half normal i' about 
.).)00 rep (Dsol bv each criterion, and the dose-effeet relationship is a negative eximnen- 
tial. 

At the lowest dose, 945 rep, the body weight failed to reach a plateau. 
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FiG. 3. Dose dependence of tail length 
and body weight (4>i and <;!»„) as function 
of deuteron dose 22 months after irradia¬ 
tion. Note the increase of body weight due 
to fat gain after the lowest dose. 


but continued to increase witli time. Tliis lowest dose not only did not re¬ 
tard skeletal or bod.y weight increase; instead, body^ Aveight eventuall}" ex¬ 
ceeded normal due to accumulation of fat. The development of obesity Avas 
noted during the first year but became definite in the 2nd year. The late 
appearance of adiposity did not occur in all rats of the group; 8 of 12 
Aveighed above the normal range. The heaviest rat attained a AA'eight of 
8.00 gm., a AA’eight 300 gm. greater than the average of controls. 

In order to obtain evidence of progressive change in the organs under 
control of the pituitary, the status AA^as evaluated by tlie AA’eight and 
inorpholog}’ at increasing times folloAA'ing pituitary irradiation. The aATr- 
age AA’eights of the thj’roid, adrenals, prostate, seminal A’esicles and testes 
at A'-arious post-irradiation intervals are shoAvn in Figures 4, 5, 7, 8 and 9. 

The order in Avhich the different endocrine organs reflected pituitary 
damage Avas the same, Avhether judged b}’ the time interval before reduc¬ 
tion of activity became manifest, or by’ the size of the dose necessary to 
produce atrophy Avithin a given interA’al. The loAvest dose, 945 rep, caused 
reduction only in adrenal AA’eight; at 1575 rep the AA’eight of the thyroid 



Fig. 4. Thyroid AA’eights folloAA'ing Fig. 5. Adrenal AA'eight folloAA’ing 

pituitary deuteron irradiation. pituitarj’ deuteron irradiation. 
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Fig. G. a. Dose dependence of adrenal weight (i^ad.) IS months after pituitary deuteron 
irradiation. B. Dose dciicndcnce of tliyroid weight (0th.) IS montiis after pituitary ir¬ 
radiation. C. Dose dependence in weiglit of prostate, seminal vesicles and testes (0,,r. 
08V 0ii-.). IS months following pituitary irradiation. 

as well as of the adrenal was reduced; at 3150 the weights of all endocrine 
organs were reduced. INIicroscopic examination revealed a dcgi'ee of aplasia 
comparable to the reduction in weight at the higher doses, eventually be¬ 
ing comparable to the atrophy after complete surgical hypophysectomy. 
The order of decreasing sensitivity of the pituitary target organs to pitui¬ 
tary damage was therefore adrenal, thyroid, testis (seminal vesicles and 
pro.slate). 

Normal function, even growth and differentiation of the pituitary target 
organs progressed for variable periods after irradiation, the time intervals 
before regression l^eing dependent on the size of the dose given. At lower 
closes, 945 and 1575 rep, the testis descended into the scrotum, enlarged, 



Fin. 7. To.'jtis weight following 
pituitary irradiation. 
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and differentiated with normal spei-m iovmation; at these low doses sperm 
were still present 2 years after irradiation. After 3150 rep the testes of half 
the animals had withdrawn from the scrotum within 2 years and resembled 
those after sui-gical hypophysectomy. After radiation with 6300 rep, half 
the testes were intra-abdominal by 10 months and all were atrophic by 2 
jmars. Atrophy followed much more quickly after 12,600 rep; the testes of 
half the animals had witlmh-aAvn fi-om the scrotum by 3 months. Testes 
appear to be the most sensitive of any target organ to small amounts of 
surviving pituitary tissue after radiation. The testis is also the most sensi¬ 
tive to minute fragments of pituitary left after surgical h 3 ’pophysectom 3 ^ 

The relative masses of thyroid and adrenals eighteen montlis after radiation, with 
respect to those of surgically hyijophyscctomized rats, arc plotted in Figure G, A and B. 



Fig. S. Seminal vesicle weight following Fig. 9. Prostate weight following 

pituitary irradiation. jiituitary irradiation. 


It appears that the adrenals and thyroid were much more affected by ]ntuitary irradiation 
than is body weight; D 50 Adrcuni~2000 rep and Dso Thyroid — 2500 rep. 

At 18 or 22 months post-irradiation there was, with the exception of the lowest level, 
an exponential dose-effect relationship, resembling a “one hit” tyjie radiobiological re¬ 
sponse for body mass and mass of thyroid and adrenals. However, the testes, prostate 
and seminal vesicles showed a different relationship. The absolute weights of testes, 
prostate and seminal ^^esiclcs arc shown after different doses and time intervals in Fig¬ 
ures 7, 8 and 9; the relative decrease is shown in Figure 6 C at 18-22 months; the re¬ 
sponse curve is of the “manj' hit” type. For the testes and dependent organs 50% 
normal weight u'as reached at approximately 3000 to 3500 rep. 

MORPHOLOGICAL CHANGES IN THE PITUITARY 

The weights of the pituitaries were markedly reduced after all dose 
levels, and the degree of atrophj'- progressed with dose (Table 1). After 
irradiation with 945 rep the pituitaiy weight was reduced to half normal by 
the end of the first 3 "ear; a dose of 1575 rep resulted in a pituitary weight 
one-third normal b}^ this time; after a dose of 3150 rep the pituitary weight 
was reduced to less than a third bj'^ 3 months; folloiving irradiation with 
6300 rep the pituitaries were a tenth the iveight of pituitaries of normal 
rats by the 6th month, and no furtlier reduction in weight occurred during 
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a longer experimental period. The weight of the irradiated pituitaiy is 
not necessaril}^ representative of its functional capacity, since different 
cell types maj" be damaged to a different degree. Pituitaries weighing 
1-2 mg. were composed largely of a framework of connective tissue, some¬ 
times augmented b}' scarring and the residue of hemorrhages. 

The pituitaries which were severely damaged bj" high doses (3150 and 
6300 rep) were flattened, translucent and pale, but occasionallj" were 
hyperemic. The covering membrane was thickened and microscopic ex¬ 
amination showed considerable scarring and heavy strands of comiective 
tissue penetrating the parenchyma. A difficult}’' experienced on gross ex¬ 
amination at autopsy in distinguishing individual lobes proved to be due 
to irregular invasion of cells from one lobe into neighboring lobes. After 


Table 1. Pituitaky weights* after irradiation' of the pituitary with 

INCREASING DOSAGE, AFTER PROGRESSIVELY LONGER PERIODS 


])(s i;;c r.'p 


Period after radiation in months 


3-4 

0-9 

11-14 

15-19 

20-23 

24-27 


mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

0 

10.2 

10.7 

12.0 

12.1 

12.4 

13.3 

OIo 

— 

— 

5.9 

0.5 

8.4 

— 

157.5 

— 

— 

3.9 

3.8 

4.1 

— 

3150 

2.8 

1.9 

1.4 

1 .8 

1.3 

1 .4 

0300 

— 

1.2 

1.4 

— 

— 

0.9 


* Pituitiirips with grossly discornible abnormalities were eliminated in preparing these 
averages. 


the loAver doses (945 and 1575 rep) these changes were not so evident 
though other gross abnormalities such as tumors, cysts, and generalized 
hemorrhages were more frequent. None of the latter abnormalities wore 
observed during study of 79 pituitaries ii-radiated with 3150 or G300 rep 
whereas IG of 39 pituitaries showed these changes after 945 I'ep and 10 of 
35 pituitaries showed them after 1575 rep; they appeared in only 7 of the 
129 control pituitaries. 

The microscopic alterations in the parenchyma of the anterior lobe after 
the highest dose, G300 rep, were advanced by G months. Normal acidophils 
had practically disappeared from the anterior lobe; those which could 
still be distinguished were almost completely degranulated or were atypical 
in size and nuclear morphology. The basophils, although reduced in num¬ 
ber and partially degranulated, were less damaged; small groups could 
still be found in about half the glands confined to the gonadotrophic 
basophil zone. Such basophils were often abnormal, and showed vacuola- 
tion cither of the type present after castration or after thyroidectomy. In 
the intermediate lobe the chief changes were loss of the usual uniform dis¬ 
tribution of ceils and the great variability in cell size and staining reaction. 
The posterior lobe was the least affected; however, considerable irregularity 
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Fig. 10. Anterior pituitar}’^ of 13 mo. old control, showing normal appearance and 
distribution of (A) acidophils; (B) basophils; and (C) chromophobes. AIallor 3 Azan 
stain, X 500. 
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in cytoplasmic and nuclear size and shape was present (Fig. 17). Small 
localized hemorrhages were observed in all lobes. All the changes described 
were marked bj' 6 months, and maximal b}’- 9 months; no further degenera¬ 
tion and no evidence of regeneration was detected up to 2 years post¬ 
irradiation. 

After irradiation with 3150 rep the acidophils could still be recognized 
after 3 months. In the period from 6 to 24 months the changes, particularly 
in the acidophils, were progressive and b}' the end of this period manj- 
glands were indistinguishable from those which had received the higher 
dosage. In some glands the basophils were not decreased in numbers or 
extensivel\' degranulated, regardless of the length of post-irradiation 
period, but had come to resemble closelj- the basophils of rat pituitaries 
after gonadectomy or after thjToidectomj'. The changes in the intermedi¬ 
ate or posterior lobes were similar to those observed after higher doses. 

The pituitaries subjected to 1575 rep showed similar morphological 
changes but the.y appeared more slowlj--; the changes in acidophils found 
after 12 months ■were similar to those recorded for glands 3 months follow¬ 
ing 3150 rep. Basophils could be found throughout the majorit.v of the 
glands; many were enlarged and showed nuclear changes and cytoplasmic 
vacuolation resembling those after castration or tlD'roidectomy (Figs, 10 
and 11). Pituitaries irradiated with this dose showed no further morpholog¬ 
ical changes after IS to 24 months, except that the acidophils virtuall}' 
disappeared. Mitoses were increased at this dose and occurred in all lobes 
and in all cell types including chi'omophohes. The changes in the inter¬ 
mediate and posterior lobes were similar to those after 31.50 rep. 

After irradiation of the pituitary with 945 rep the parench 3 ’mal elements 
in all pituitary lobes showed the same tj-pe of alterations as previouslv 
observed but the changes appeared more slowh'. The acidophils were 
deci'cased in number and degi-anulated although to a le.'^sei- degree than 
in the preceding groups. The number of basophils remained within nor¬ 
mal limits or appeared to be increased. Man.v of the basophils were ab¬ 
normal showing various tj'pes of c.vtoplasmic vacuolation, pyknotic nuclei 
and peripheral clumping of granular material. 


Flo. 11. .Vntcrior pituitary 13 mo. following irradiation with 157.5 ro]). .Vcidojdiil'- 
had virtually disamioarcd whereas basophils were increased con.eiderably in number anil 
s^ize and had a prominent Golgi apjiaratus. Some pykno.<is of nuclei, and various types 
of eytoplasinic vacuolation were present (arrows). M.-.\.,X500. 

Fig. 12 and 13. -Vnterior pituitary 13 and 15 mo. following irradiation with 915 n-{>. 
showing pro-adenomatous changes. Clusters of atypical chromophobes, which .'onie- 
times reached gigantic proportions, were present. Note th.at acidophiU were virtually 
.absent. .M.-A.,X500. 
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INCIDENCE OF TUMORS 

Adenomatous Changes in Piiuilaries 

Adenomatous transformation occurred frequently in the pituitaries of 
the normal rats during the second 3 ''ear of the experiment. Gross abnor¬ 
malities -were noted at autop.sy in 6 of the 116 control pituitaries examined. 


Table 2. Incidence of tumobs in endociune obgans during 

.SECOND YEAR AFTER IRRADIATION OF THE PITUITARY 




Total 

Incidence of tumor.s 



Do.sa^je rej) 

number 



Conclu.sion 


No. of rats 

Per cent 


of rats 




IIG 

37 

32 

No adenomas at high levels; 

Pituitary 

945 

39 

37 

95 

at low levels more frequent 

1575 

32 

21 

65 

than in controls and number 


3150 

37 

1 

7 

per gland greater 


G30Q 

G 

0 

0 


945 

125 

35 

2S 

Small, frequent^' multiple, tu- 


39 

9 

23 

mors in controls and in experi- 

cortex 

1575 

41 

5 

10 

mental rats, except after high 

3150 

51 

10 

20 

doses 


G300 

12 

1 

8 




125 

33 

2G 

Multiple adenomas were fre- 

Thyroid 

945 

39 

15 

40 

quent, except in glands where 

1575 

41 

7 

16 

hvpoplasia from high radia- 

3150 

51 

14 

27 

tion dosage had occurred 


0300 

12 

2 

17 



125 

10 

10 


Adrenal 

medulla 

945 

39 

2 

5 

Adenomas rare in all groups; 

1575 

41 

1 

2 

none observed after high levels 

3150 

51 

0 

0 

of radiation 


G300 

12 

0 

0 




125 

5 

4 



945 

39 

0 

0 


Parathyroid 

1575 

41 

0 

0 

Incidence low and no increase 

3150 

51 

2 

4 

after radiation 


G300 

12 

1 

8 




125 

2 

2 


Reproductive 

945 

1575 

39 

41 

0 

0 

0 

0 

No increase in incidence from 

system 

3150 

51 

1 

2 

radiation 


6300 

12 

0 

0 



Tumors were first observed after maintenance for 16 months, and pituitary 
tumors were found histologicallj^ in 32% of all controls sacrificed between 
16 and 24 months (Table 2). In glands which had been subjected to the 
higher doses of deuteron radiation, 3150 to 6300 rep, and in which severe 
damage to the parenchyma occurred promptljq no gross abnormalities were 
noted on removal of the gland and histological evidence of tumor forma¬ 
tion was observed in onl}^ one gland. In the groups receiving the lower 
doses of radiation gross abnormalities were noted at autops}" in 12 of 39 
pituitaries in the group irradiated with 945 rep and in 4 of the 32 irradiated 
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will) 1575 rep. TJie total number of tumors and the rate of appearance were 
both greater in the groups receiving these two lowest levels, than in con¬ 
trols; after 1575 rep tumors appeared by 13 months and the incidence rose 
with time until between 16 and 24 months more than half (65%) of the 
pituitaries had developed tumors. Following 945 rep adenomatous changes 
wei'c observed in 75% of the animals sacrificed after 13 months, and b}’ 
the end of the second year adenomatous transformations had developed in 
almost all the pituitaries (95%). The tumors in the irradiated pituitaries 
were frequentl}' multiple, more so than in controls, 3.1 were found per 
gland by 24 months compared with 1.6 in controls (Table 3). 

The adenomatous changes occurred most frequenth" in the anterior lobe. 
The tumors were usually microscopic, less frequently macroscopic. Pitui- 


Tablk 3. Cells or origin of tumors present in pituitaries during 

SECOND year AI'TER IRRADIATION 


Dopiis;!' 

No. of 
Khuicls 
iuTving 
t unions 


Anterior lobe 


Inter- • 
mediate 
lobe 
cells 

Tumors 

Acido¬ 

phils 

Baso- 

))hils 

Chromo¬ 

phobes 

Chronio- 

phobes 

& 

acidophils 

Total 

No. 

Av. per 
gland 


37 

1 

27 

30 

1 

0 

5!) 

1 .0 

!)I5 

37 

10 

2 !) 

50 

Id 

0 

115 

3.1 

1.575 

21 

13 

7 

30 

d 

5 

50 

2.8 

3150 

1 

0 

0 

1 

0 

0 

1 

1 .0 

0300 

0 

0 

0 

0 

0 

0 

0 

0 


tarics enlai-ged by such tumors attained weights of 40 to 327 mg. and di¬ 
mensions up to 11X7X7 mm. Alo.st of the tumors were clearly outlined, 
though some were pooi'ly defined. Some were hyperemic, or even hemor¬ 
rhagic. The large number of macrophages containing pigments derived 
from hemoglobin bore witness to the long period during which hemorrhages 
had been occurring. 

Adenomata derived from each of the three cell types were present, also 
tumors derived from mixed cell types (Table 3). Tlie most dramatic in¬ 
crease took place in the acidophilic and in mixed acidophilic and chromo¬ 
phobic tumor classes; the former increa.«ed 16 fold in the 945 rep group. 
The incidence of tumors derived from basophils or chromophobes did not 
increase so markedly above that in controls. Intermediate lobe tumors ap- 
IK'ared in rats irradiated with low doses whereas such tumors were absent 
in the controls. 

The cells of the adenomatous areas tended to be uniform in size and fre- 
qucntlv smaller than the corresponding normal cell tvpe. In some tiie 
cells were larger than normal, iii which case the shape and inner structure 
of both cytoplasm and nucleus were frequently distorted, and the staining 
characteristics of the cytoplasm changed, due both to depletion of the 
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Fig. 14. Pre-adenomatous changes in the intermediate lobe, 23 mo. following irradia¬ 
tion with 1575 rep. Note considerable variations in cellular size and pronounced nuclear 
changes. M.-A., X500. 
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granular content and to vacuolation of the cytoplasm. The number of 
mitotic divisions was notably increased in the adenomata and mitotic 
figures wei-e often abnormal. 

Tumors derived from chromophobes were the largest, as well as most 
common, and they were the only tumors in which hemorrhages were ob¬ 
served. Mitotic divisions were also more frequent in the chromophobic 
tumors. The cells did not stain intense^q and were usuall.y not clearly out¬ 
lined. In a few tumors the cells were irregularlj^ enlarged; some attained 
gigantic dimensions. The outlines of the nuclei in these large cells were dis¬ 
torted b}"^ budding or folding of the nuclear membranes (Fig. 18) and 
nucleoli were prominent. The c 3 doplasmic outlines were more clearl^v de¬ 
fined than in the usual chromophobe. 

Small PAS-positive granules were present in some of the tumors desig¬ 
nated as chromophobe tumors, suggesting that these tumors might more 
pi’operl}'^ have been grouped with basophilic tumors. Such tumors were 
usuall.y smaller and less definite^'’ outlined, and no hemorrhagic areas were 
present. The outlines of the cells designated here as “basophilic chromo¬ 
phobes” were more clearlj^ defined than in t 3 'pical chromophobic tumors. 
The cell size was usuall 3 ' smaller than that in normal basophils, and the 
cytoplasm stained purple rather than blue with Malloiy-Azan. The nuclei 
were compact and pol 3 '^chromatic and the negative image of the Golgi 
apparatus was smaller than in normal basophils. A small number of the 
tumors was composed of cells clearl 3 ’^ identifiable as basophils (Figs. 22 and 
23). 

It was also possible on the basis of staining criteria to identify some of 
the chromophobic tumors as composed of “acidophilic chromophobes.” 
Tumors composed of clearl 3 ' defined acidophils were the least common. 
Such tumors were usuall 3 ’ small, and though not sharp^v outlined, were dis- 
linguishable with Malloiy-Azan stain from the surrounding parench 3 'ma 
by the presence of deep red or brilliant 3 ’ellow stained granules (Figs. 19 


Fig. ]5. Gigantic coll witli atypical nuck-u.s in pre-ndi'iioinatous area of tlic intcnnc'ii- 
atc lohe, 13 mo. following 945 roi). M.-.V.. X500. 

Fig. Hi. Small intormccliato lohe tumor (IIS^ in largest diameter). The tumor eon- 
.‘^i.sted of large basophilic celF. These cells also gave an intense P.VS reaetion. 

XI50. 

Fig. 17. Gigantie cell showing at.vpical nucleus from a pre-adenomatous are.a in the 
posterior lobe, C mo. following irradiation with G300 rep. M.-.\..X500. 

Fig. is. Central area of ehromophobic tumor in the anterior pituitary 22 mo. follow¬ 
ing 915 rep, showing enlarged nuclei with prominent nucleoli, small localized hemor- 
diage, and gigantic cell. Note the similarity of the at.vjiical cells found in varioiH jiart-; 
of jiituitary (compare with Figs. 12, 13, 1.5. 17. IS). M.-.V..X500. 

Fig. 19. Small, indefinitelv outlined tumor (l(i0/i in diameter) which coii'-i-tcd of a 
cluster of brilliantly stained acidoiihils of vayving size. Some of the acidojihils were 3 
limes larger than normal. M..\.,X150. 
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Fig. 20. Medium size tumor in the anterior pituitaiy 15 mo. following irradiation witli 

945 rep, consisting of heavilj^ granulated and intensel}’^ stained acidophils. M.-A., X500. 
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and 20). A few tumors were conipo.sed of both chromophobes and acido- 
pliils. SucJi areas of adenomatous change were often small and of low vascu¬ 
larity (Fig. 21). 

In addition to such relativelj' circumscribed areas of adenomatous 
transformation in the anterior pituitaries of rats sacrificed between 12 and 
24 months, clusters of parenclij-mal cells which appeared changed were 
observed in widelj" scattered areas. The cells in these clumps were some¬ 
times enlarged, at.ypical in morphology and frequently in mitosis (Figs. 12 
and 1.3). Such areas were considered pre-adenomatous. 

Although most tumors occurred in the pars anterior, there were localized 
areas in the pars intermedia characterized b}- pronounced hypertroph}' and 
altered morphologj' of the parenchymal cells (Figs. 14, 15 and 16). Both 
the nucleus and cytoplasm of individual cells were sometimes many times 
normal size. The changed cells in such areas were often arranged in cords, 
or formed acini with accumulation of fluid between the cells. Mitotic 
figures Avere found in such areas. 

Tumor Incidence in Other Endocrine Organs 

jMultiple localized foci of adenomatous transformation were present in 
(he adrenal cortex and in the thyroid of rats sacrificed during the second 
year (Table 2). Tumors were rare in the adrenal medulla, though a few 
pheochromocytomata were present both in controls and in groups receiving 
(he loAv radiation to the pituitary gland. The incidence of adenomata of the 
parathyroid Avas Ioaa' both in controls and in experimental groups. No 
adenomatous transformations AA’ere observed in the reproductive tract, 
Avith the exception of one testicular Leydig cell tumor in an irradiated 
group, and tAvo small lesions resembling chorionic tissue in close relation¬ 
ship to the epididymis in a control group. 

Incidence of Tumors in Non-Endocrinc Organs 

All rats maintained up to 26 months post-irradiation AA’cre examined 
carefully for presence of tumors in any pari of the body, and any ab- 


Fig. 21 . Tj-pical, clearly outlined, small tumor (.120 miera) in anterior pituitary, 22 
mo. after irradiation witli 945 rej). It consisted of basojdiil.s. quite uniform in api)earance, 
.^linwing strong PAS reaction. P.VS, XI50. 

Fig. 22. Central portion of a mixed-cell tumor (composed of chromoidiobes and 
aridopliils) in the anterior pituitary, 23 mo. after irradiation with 045 rep. Xotc en¬ 
larged vesicular nuclei of eliromojiliobes (C) and clusters of jiartially degranulated 
acidophils (.V). .M.-A..X500. 

Fig. 2:1. Central ])ortion of a medium size basoiihilic tumor in the anterior jiituitary, 
2.1 ino. after irradiation with 945 reji. Note considerable variation in cell and nuclear 
In contrast with the basojihils of the tumor depicted in the preceding figure, cclb 
were irregular in size and some showed vaeiiolation of cvtoplasm and nuclei. .M.-.\.. 
X.AOO. 
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normalities detected were analyzed histologically (Table 4). The tumors 
were found chiefly between the ages of 12 and 24 months. Lymphosarcomas 
were the most common lesions, many of which appeared to originate in the 
lung. The incidence may have been somewhat lower in the irradiated 
groups. The few tumors of the pancreas observed were chiefly due to direct 
extension and invasion of lymphosarcomas arising in mesenteric lymph 
nodes (though one was pi’obably of islet cell origin). There was no evidence 
of extension of lymphosarcomata through the blood channels. In one ani¬ 
mal in which no localized lymphosarcomatous lesion was detected, lymph¬ 
oid cells were present in large numbers in blood vessels of all organs ex- 


Taiu.k '1. Incidkn'cii: or tumors in non-kndociune organs in rats 

SURVIVING MORE THAN ONE YEAR Al'TER PITUITARY IRRADIATION 


Type of tumor.s 

Dosage 

Total no. 

Tumors present 

rep 

of rats 

Number 

Per cent 


0 

138 

30 

21 


945 

39 

3 

8 

Lunp lyniphosiirconias 

1575 

42 

2 

5 

3150 

05 

7 

10 


G300 

19 

1 

5 


0 

138 

11 

8 

Miscclliincovis luniors 

945 

39 

1 

3 

(chieflv Ivmiihosarcoma.s of 

1575 

42 

4 

9 

me.sentprio nodes) 

3150 

05 

0 

9 

0350 

19 

0 

0 


amined and the interpretation of lymphoid leukemia was made. Isolated 
instances were observed in control and irradiated rats of adenomatous or 
fibro-adenomatous transfoianation in the pancreas, parotid and mammary 
gland. 

DISCUSSION 

The incidence of tumors in pituitaries Avas greater in groups which had 
received the low doses of radiation than in controls, whereas at higher 
doses of radiation the appearance of tumors Avas Aurtually suppressed. 
Other abnormalities of the pituitary'- such as cj^sts and hemorrhages Avere 
also encountered more frequently after Ioav radiation doses than in con¬ 
trols. The Aveights of the pituitaries of rats Avhich receiAmd the Ioav radia¬ 
tion doses increased slightly in the older groups, as can be seen in Table 1, 
though in preparing these averages pituitaries Avere eliminated Avhich 
shoAved gross abnormalities. The increased incidence of pre-adenomatous 
and the multiple small areas of adenomatous change, together Avith the oc¬ 
currence of small cysts and hemorrhages, offer a more probable explanation 
of the increase in Aveight of these pituitaries than does recoAmr}^ or regenera¬ 
tion late after irradiation. 

The number of tumors in other endocrine organs of the irradiated rats 
in no case exceeded those present in similar organs of controls of the same 
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age; it is of interest to note, however, that no tumors were detected in 
pituitary-dependent endocrine glands, such as adrenal cortex and thyroid, 
which had Ijecome aplastic secondarj' to the destructive action of high 
deuteron irradiation of the pituitary. This is in keeping with the reduced 
incidence of tumors reported after surgical hj^poph^'sectoni}- (4). 

The gi'eater radiation sensitivity of the pituitaiy acidophils than of 
basophils described here was not noted in the earlier series, probabh’ due 
to the subjection of the pituitaiy to higher radiation dosage which was 
followed by more prompt, serious damage to pituitaiy parenchyma (1, 5, 
G, 7). This gi-eater resistance of pituitary basophils was reflected in the 
status of endocrine function in the irradiated animals. Evidence for dimin¬ 
ished hormone secretion from the anterior pituitaiy appeared in the de¬ 
pendent endocrine functions in the following sequence, as the dose or time 
interval increased: adrenal atroplyq with decreased cortical width, tlyyroid 
atrophy, slowed body gi-owth and finallj’’ atrophy of the testes and de¬ 
pendent accessoiy sex organs. Sperm production was lost onl}’ under ex¬ 
tremes of dosage and post-irradiation interval, when weight of the testis 
liad been reduced to less than half normal. This persistence of testicular 
function can perhaps be attributed to the persistence of small amounts of 
pituitary tissue at high doses and the relatively great resistance of pitui¬ 
tary basophils even at high radiation dosages and over prolonged post¬ 
irradiation periods. The resistance of pituitary basophils to irradiation was 
evidenced to a lesser degree b}’ the status of the thyroids. 

Adiposity occurred during the second year post-irradiation after the 
lowest dose of radiation (945 rep). As noted previously this increase in 
weight in maiy rats of this gi'oup far exceeded the gradual weight gain in 
old normal rats. If it were assumed that the adopisity observed was due to 
radiation injury to the hj’pothalamus, it would have to be assumed that 
this was an effect manifesting itself onl 3 ' at the lowest doses of radiation 
and only after a prolonged period. 
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EFFECT OF ETIIIONINE ON THE CORTISONE-EVOKED 
STIMULATION OF TRYPTOPHAN PEROXIDASE- 
OXIDASE ACTIVITY' 
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Dcpnrlmcnl of Ih'oclir.vihlrn, [hiiversiti/ of Missouri Medical Center, 

Columbia, Missouri 

ABSTRACT 

'I'lio activity of tryptopliaii poroxidasc-oxitlasc was stucliecl in rat liver 
following intraperitoneal injections of cortisone, ethionine, and methionine. Cor- 
tisojie elicited the expected increase in activit.^-, a dose of 50 mg. per kg. evoking 
a five-fold stimulation. Ethionine and methionine (0.77 niM.), on the other 
hand, did not alter the aetivity of this enzj'ine. Administration of ethionine 
with cortisone greatly reduced the stimulatory cfTect of the hormone. Coad¬ 
ministration of metliionine with ethionine (both at a dosage of 0.77 mM.) re- 
■stored the ability of cortisone to .stimulate tryptophan peroxidase-oxidase 
activity. These results are taken to support the hypothesis that a de novo syn¬ 
thesis of this enzyme, believed to occur as a result of trypto])han administra¬ 
tion, may also occur following the administration of cortisone. 

T he activity of the enzyme tryptophan peroxidase-oxidase,- which 
catalyzes the conversion of L-tryptoplian to L-formylkynurenine, has 
been shown to be increased in response to (a) administration of large doses 
of its substrate, tryptophan, and (b) administration of the adrenal corti- 
coids, cortisone and ]i 3 ’drocortisone, or an}' agent wliicJi will elicit their 
secretion (1-4). Evidence has accumulated indicating that the stimulatory 
effect manifested by tryptophan is the result of an induced dc novo S}'n- 
thesis of the enzyme (1, 5-9). Among the evidence in favor of this mam¬ 
malian adaptation phenomenon is the demonstration by Lee and AVilliams 
(5) that ethionine inhibited the increase in TPO activity occurring as a re¬ 
sult of tryptophan injection and that this inhibitory effect of ethionine 
could be at least partiall}'' reversed by the simultaneous administration of 
equimolar concentrations of methionine. Their results were interpreted to 
mean that ethionine suppresses the adaptive response of TPO to trypto¬ 
phan through its well known inhibition of methionine incorporation into 
protein (10), thus interfering with the dc novo synthesis of the enzyme. 

Although the stimulation of TPO activity by adrenal corticoids has 
been observed in several laboratories (3, 8, 11), the mechanism of this 
effect remains to be elucidated. This investigation was undertaken to de- 

Received June 20, 1958. 
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- Tryptophan peroxidase-oxidase is hereafter abbreviated as TPO. 
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lermine the effect of ethionine on the corticoid-evoked stimulation in tlie 
l)elief that some insight into this hormonal response might be oljtained 
through use of the ethionine-methionine intei’relationship. 

METHODS AND MATERIALS 

]\Ialc Spraguc-Dawlej’ albino rats weighing approximately 200 grams were used. The 
rats were maintained on Purina laboratory chow fed ad libitum; however, only animals 
with matched food intakes were utilized in order to preclude possible effects due to 
variation in trj’ptophan consumption. Five hours prior to sacrifice, each animal was in¬ 
jected intraperitoneally with one of the following groups of materials; (1) 5 ml. of 
physiological saline, (2) L-methionine, 0.77 mi\I., (3) L-ethionine, 0.77 niM., (4) cortisone 
(saline suspension) 50 mg. per kg., (5) cortisone, 50 mg. per kg. and ethionine, 0.77 niM., 
(G) cortisone, 50 mg. per kg., ethionine, 0.77 mi\I. and methionine, 0.77 mlM. Doses of 
ethionine and methionine used in this investigation conform to those of Lee and Wil¬ 
liams (5) while the level of cortisone administered eorresponds to the maximum amount 
given by Thomson and Mikuta during their dose-response studies (11). 

Following decapitation, ten per cent liver homogenates of each animal were assayed 
for TPO activity by the method of Knox (12). Suitable aliquots of each homogenate were 
dialyzed against distilled water at 5° C for 36 hours prior to triplicate Kjcldahl nitrogen 
determinations by the method of Parnas and Wagner (13). In calculating nitrogen con¬ 
tent, it was necessary to correct for volume changes which took place during dialysis of 
the homogenates. S])eeific activity of TPO is expressed as micromoles of kynurenine 
formed per hour per mg. of homogenate nitrogen. 

The L-methionine, L-ethionine and cortisone used were obtained from the California 
Corporation for Biochemical Research. 

RESULTS AND DISCUSSION 

Rat. liver TPO activities, five hours after injections of metliionine, 
ethionine, cortisone, and combinations thereof, are presented in Table 1. 
Neither methionine (P>0.1) nor ethionine (P>0.02) significantly^ altered 
the level of hepatic TPO activity from that found in the .saline control 
animal. Cortisone administration, on the other hand, increased the ac¬ 
tivity of this enz 3 'me five- to six-fold (P <0.001), an increase which was 
.somewhat greater than that obtained l\v other investigators (3, 11). The 
concomitant administration of 0.77 niM. of ethionine and cortisone re¬ 
sulted in a significantl.v lower (P <0.001) TPO activit.v than that ob.'^erved 
with cortisone alone. Injection of equimolar amounts of methionine and 
ethionine with cortisone restored the elevated TPO activity- characteristic 
of rats treated onl.v with cortisone (P <0.001). Although the mean value 
was slightl.v higher, the enz.vme activit\’ of rats given cortisone, ethionine, 
and methionine did not dilTer .significantl.v from the activity- of the cor¬ 
tisone-treated animals (P>0.05). 

If, in the absence of evidence to the contrar.v, the usuall.v accepted mode 
of ethionine inhibition is assumed to be valid under the conditions of this 
investigation, the following interpretation of the re.sults obtained is po.-si- 

^ .\ccejiting P <0.01 as significant. ProbaI)ility levels were caleulated by mean--of tlie 
Student's “f Test. 
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ble. Cortisone maj" effect an increased TPO activit 3 " in the liver of the in- 
taet rat means of a mechanism Avhich involves stimulation of the de novo 
synthesis of the enzymatically active protein molecule from amino acid 
precursors available at the site of the “enzyme-forming system.” The 
presence of ethionine, as administered, inhibits optimal incorporation of 
essential methionine into the enzyme protein and thereby partially sup¬ 
presses the production of active TPO in response to cortisone. Methionine, 
if present in suitable quantities, acts to “I'everse” the ethionine inhibition 
of TPO synthesis, presumably by competing with ethionine at the site of 
enz 3 une formation, thereby permitting the expected rise in TPO activity in 


Tabi.e 1. Pat eiver TnYrroi’iiAX rEnoxiDASE-o.viwASE activity following 
administration or METIIIONI.NE, ethionine, AND CORTISONE 


Group 

No. of 
Rats 

Mntnials Administered 

TPO Activity* 
fiM. kyniirenine 



Mg. N hour 

1 

10 

Saline (eontrols) 

O.OSlO+0.0070 

11 

9 

Methionine, 0.77 mM. 

0.0991 +0.0077 

III 

9 

Ethionine, 0.77 inM. 

0.0528+0.0087 

IV 

10 

Cortisone, 50 mg./kg. 

0.4415+0.038G 

V 

9 

Cortisone, 50 mg./kg. 
Ethionine, 0.77 mM. 

0.21G1 +0.0123 

VI 

10 

Cortisone, 50 mg./kg. 
Ethionine, 0.77 inM. 
Methionine, 0.77 mM. 

0.5532+0.0509 


* Mean 3''aliics and Standard Error of (lie Mean. 


response to the hormone. In the absence of cortisone, ethionine might not 
be expected to have a significant effect on the constititutive enz 3 mie. Thus 
the results of this investigation lend support to the previously proposed (3) 
existence of a common step in the “hormone-induced” and “substrate- 
induced” mechanisms of TPO stimulation: viz. an increased de novo syn¬ 
thesis of the enz 3 mie. 

In certain in vitro studies utilizing rat liver slices (14) and “cell-free 
preparations (3, 8), in which tiyptophan stimulation of TPO activity Avas 
shoAvn to occur, cortisone had no significant effect. Such cAddence indicates 
that, although both the tiyptophan and corticoid stimulations may in¬ 
volve de novo enzyme synthesis, the modes of action are probabl 3 ’^ independ¬ 
ent. The mechanisms b 3 ^ AAdiich tiyptophan and the corticoids initiate 
de novo TPO S 3 mthesis remain to be elucidated. 
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ABSTRACT 

The effect of various liorinoncs upon the regression of muscle atrophj’ of ner¬ 
vous origin has been studied in young rats. Unilateral nerve lesion was per¬ 
formed by crushing the obturator, sciatic and femoral nerves intrapelvicall}’— 
a procedure which resulted in marked atrophy of the triceps surae muscle. Suh- 
sequent to complete functional recovery, treatment with hormones was initiated 
to see whether it would alter the course of tlie regression of tlie muscular atro- 

piiy- 

STH, methyltestosteronc, estradiol and thyroxin promote the rate of regres¬ 
sion subsequent to reinnervation. Treatment with cortisol or 17-ethyl-19-nor- 
testosterone, at the high dose levels used, c.xcrts an o])posite effect, while des- 
oxycorticosteronc lias no influence. 

From the results obtained in these experiments it can be concluded that, 
under certain experimental conditions, catabolic hormones, e.g., thyroxin and 
estradiol, can promote a circumscribed anabolic i^rocess, such as regression of 
muscle atrophy. 

W HEN a skeletal muscle is deprived of its lower motor neuron, a 
process usually spoken of as denervation, a number of characteristic 
changes in the muscle take place (1). Such denervation is seen in many 
clinical conditions, most important of which are poliomyelitis and trauma 
to peripheral neiums. Unfortunately, botli are common in normal times, 
but the incidence of the latter has been greatly increased in every war. 
Subsequent to nerve injury, under favorable conditions a functional motor 
reinnervation maj" take place when the progress of muscle atrophy is ar¬ 
rested and regression is initiated. But some degree of permanent atrophy is 
always to be anticipated after nerve injury. In spite of many new findings 
in this field (2-6) it is not possible, at the present time, to state precisely 
which factors are most important in determining the onset and rate of the 
development and regression of muscle atroph 3 \ A disturbance of the 
trophic influence of the nervous sj'^stem is generally assumed to exist {t), 
but the term "trophic influence'' lacks physiological definition. 

A review of the literature reveals man}'' glowing reports of results ob¬ 
tained from treatment of post poliomyelitis, and similar conditions with 
local neural atrophies of the muscle tissue, by numerous and widely dif¬ 
ferent forms of physical therapy (8). But it is important to point out that. 
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leased on the experimental results, considerable controversy exists as to the 
efhcary of electrical stimulation (9). Although it is possible to retard the 
development of muscle atrophy with induced activity, the onset is never 
completely prevented even though specific function is substituted by direct 
stimulation. Also, there is still the problem of finding a non-injurious 
agent which will be tolerated bj-^ the patient and will effectiveby retard 
atrophy and facilitate regeneration of musele. 

This report is concerned with experiments dealing with the effects of 
various hormones upon the regression of muscular atrophy of nervous 
origin. The experiments were carried out on the triceps surae muscle of 
the rat, because the extent and rate of development of muscle atrophy 
and of regeneration of nerves was found to run a remarkablj' constant 
course in this .species (9, 10). One hind limb was paralyzed l^y unilateral 
crushing of the obturator, sciatic and femoral nerves and, thus, marked 
atrophy was produced. When functional recover}' was complete, the de¬ 
gree of this neuromuscular atrophy was determined and the effect of hor¬ 
mones upon regression of the atrophy following reinnervation was stvidied. 

EXPERIMENTAL MATERIAL AND TECHNIQUES 

General experimental design. Ono liundrcd and ten young female Sprague-D.nvlcy 
rats, with an average initial body weight of 51 gin. (range: 43-60 gm.), were subdivided 
into eleven equal groups. Groups I and II .served as absolute controls. The rats of 
Group I were killed the day the e.siieriinent was started and were used as indicators of 
the normal initial values; those of Group II were killed on the last day (56th day) of 
the experiment to show the normal final values. Groups III and IV served ns untreated 
controls in that they received no hormone treatment but were submitted to the uni¬ 
lateral nerve-crush jiroeedure described below. The rats in Grouj) HI were killed on the 
2 Gth day of the exjieriment (when complete functional recovery was observed in all 
groujis and hormone treatment was initiated). These animals served to show the average 
degree of atro])hy that existed at this time. Grouj) IV were killed at the end of the exi)eri- 
ment to show the rate and degree of the sjiontancous regression of muscle atrophy 
which takes i)laec in the animals not treated with hormones. Rats in Groups U-.Vf were 
.also submitted to the unilateral nerve crush procedure and treated as indicated in 
Table 2. 

Throughout the jieriod of observation, all the rats were fed exclusively on ground 
laboratory diet. Purina fox chow, and tap water. The food was ground, otherwise the 
animals wouhl have had difficulty in eating it. as the teeth of all groups were elipjied 
once every week—a j)roecdurc which i)rovenfcd the animrds from gnawing the de- 
nerv.ated limb. 

I’roduclion of muscular atrophy of uereous origin. In all rats of Groujis III-XI, uni¬ 
lateral lu-rve lesion was jierformcd under light ether anesthesia, through a suj)rapubie 
incision, on the first day of the experiment. The left obturator, sciatic and femoral 
nerves were intrajielvieally crushed with narrow forcejis. so that transjiarcney of the 
nerve was jirodueed at the site of crushing, which ensured the eom])lete interrujition of 
axons. In all instances, eomjilete insensitivity and jiaralysis of the left limb resulted, 
this method of denervation leads to a movt .succc.-sful regeneration of the nerves (10. II) 
and on the other hand, allows for the study of the regression of tlie muscle atrojihy after 
tX'innerv.ation. The sensitivity and motilit.v of the denervated limb were cxamiii'-d every 
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second day after the surgical intervention. The recovery of sensory and motor function 
were separately assessed in the arbitrary scale of 0 to 3; the degeneration of the crushed 
nerves was estimated in an index- of 0-6 (sensitivity plus motility). The index of 6 
served as a criterion for “complete functional recovery,” i.e., the sensitivity and the 
voluntary movement of the affected limb were both normal. 

Treatment with honnonea. On the 26th day of the e.xperiment, treatment with various 
hormones was initiated in Groups V-XI as indicated in Table 2 and was continued until 
the termination of the experiment. The hormones were alwa 3 's injected in 0.2 ml. of 
water, subcutaneously. 

Cortisol acetate was administered in the form of microcrystals of hydrocortisone 
acetate (Schcring), at the dose of 1 mg./daj- (Group V). 

Desoxycorlicostcrone acetate was administered in the form of Cortate (Schering), at 
the dose of 1 mg./day (Group VI). 

STII [somatolrophic hormone) was administered in the form of the growth hormone 
(U.S. National Institutes of Health), in 2 dailj- injections of I mg. (Group VII). 

Estradiol, Prog 3 ’'non (Schering), was administered in the form of micro-cr 3 'staIs, at 
the dose of 500 pg./day (Group VIII). 

Mcthyllestostcrone, Orcton-I\I (Schcring), was given in the form of microcr 3 "stals, at 
the dose of 2 mg./day (Grouj) IX). 

17~Ethyl-19-nortestostcrone was administered in the form of Nilcvar (G.D. Searle & 
Co.), at the dose of 2 mg./day (Group X). 

Thyroxin obtained from the British Drug Houses, was given at the dose of 250 gg./ 
day (Group XI). 

The evaluation of the experiment. On the 56th da 3 - of the experiment (i.c., 30th day 
after the initiation of hormone treatment) all rats were killed with chloroform and the 
sciatic nerve and the triceps surac muscle were di.ssectcd. After fixation in Susa solution, 
the muscles were weighed on an anah-tical balance. The means of these weights, the final 
bod 3 ' weights and the ratio of the muscle weight to body weight arc given in Table 1 
and 2 together with the standard errors. The differences between the contralateral 
muscles are especiall 3 '’ indicated in a separate column, in which the weight of the muscle 
of the limb with nerve lesion is expressed as a percentage of the weight of the correspond¬ 
ing muscle of the intact limb. Following the weighings, the muscles were embedded in 
paraffin and stained with hemato.\ 3 din-phloxine for subsequent histological study. For 
the morphological studies of the sciatic nerve, March! stain was also used. 

In all groups where as judged from the muscle weights a beneficial effect of the hor¬ 
mone treatment was observed (Groups VII, VIII, IX, XI), the findings were confirmed 
b}”^ measurement of muscle fibers. The diameter of 200 muscle fibers was measured for 
each triceps surae muscle (100 from transverse sections and 100 from longitudinal sec¬ 
tions), histograms were drawn and the average diameter of the muscle fibers was de¬ 
termined. Fiber diameters were determined on both longitudinal and transverse sections, 
because even a small inclination of the cutting plane could considerabl 3 ’^ change the re¬ 
sults obtained from transverse sections onhq and a greater margin of error would result 
in the measurement of the smaller dimensions of the atrophic muscle fibers. The accuracy 
of the method was checked b 3 " measuring diameters (of both transverse and longitudinal 
sections) of the triceps surae muscles of the initial controls (Group I). The average value 
obtained from transverse sections of 100 muscle fibers was practicalB’^ the same as that 
obtained by measurement of the longitudinal sections of 100 muscle fibers (left limb 
17.9 ju:18.1 y, right limb 18.0 ,u:18.2 y). Therefore, to obtain a high degree of accuracy, 
measurements from transverse plus longitudinal sections were taken throughout this 
work. The means of the average fiber-diameter values (with standard errors) and the 
percentile diameter differences of the contralateral muscles, are listed in Table 3. 
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RESULTS 

The growth of intact muscle. The results summarized in Table 1 indicate 
that in early life (age: 4 to 12 Aveeks), the ratio of muscle weight to body 
weight increases in the rat; the triceps surae muscle gains weight faster 
than does the body as a whole. 

Among the animals treated with anabolic hormones, only those treated 
with methyltestosterone showed muscle gi-owth that paralleled that of 
somatic growth (cf. Table 2, Group IX). Administration of STH, while 
further facilitating muscle growth, produces a decrease in the ratio of 
muscle weight to body weight. 17-Eth3'l-19-nortestosterone as well as 
desoxycorticosterone, at the high dose level used here, slightl.y diminished 
the normal muscle growth and somewhat decreased the muscle/body 
weight ratio. Tliis decrease was more significant in the cortisol, estradiol 
and th.vroxin treated gi'oups, where the hormones, b.v their general cata- 
l)olic effect, also produced a marked inhibition of the triceps surae gi'owth. 

The regression of mnsclc atrophy. In evaluating this data, we must keep 
in mind that at the time of the initiation of the treatment with hormones 
the average degree of muscle atrophj' was 50.6%, as judged bj' the control 
animals (Group III). This figure had risen to 71.1% b.v the end of the 
experiment in tlie untreated rats (Group IV). 

It can l)e seen from the results given in Table 2 (especially from the per¬ 
centile difTercnces of the contralateral muscles) that the effect of hormones 
on muscle which is in a process of regeneration is different from that on in¬ 
tact muscle. STH, methjdtestosterone, estradiol and thyroxin promote the 
process of regression, while cortisol, and 17-etln'l-19-nortestosterone exert 
an opposite effect. Onlj' desox\'corticosterone did not influence tlie rate of 
regiession of tlie muscular atroph. 3 ' subsequent to reinnervation. Never¬ 
theless, it is important to point out that the subnormal ratio of the muscle 
weight to bod}' weight due to the nerve lesion was onh' positivel.v affected 
in the methj'ltestosterone and estradiol treated rats (compare the ratio of 
the muscle weight to bod.v weight of Groups VIII and IX with Group IV). 
Especially in those treated with methyl-testosterone, this ratio was nearly 
normal (cf. Group IX with Group II). 

The histologic observations can be summarized as follows: On initiation 
of the hormone treatment (on the 26th da}' after nerve crush) there was 
a marked atrophy of the affected triceps surae muscle, with the usual re¬ 
duction of the gross bulk of the muscle and the dimensions of each of its 
constituent fibers. .\t this time, no degenerative process was observed. The 
microscopic examinations on the 56th da.v (30th da.v after complete func¬ 
tional recovery) also showed atroph.v, but most of the fiber diameters had 
increased, while some other cells had even reduced their size and a few 
degenerated fibers with phagocytotic processes were observed. Therefore, 
there was greater variability of the fiber-diameters in the affected than in 



Table 1. Control values for noraial somatic growth and .muscle growth (grouts i and ii) as well as for the spontaneous 
RATE of regression OF MUSCLE ATROPHY SUBSEQUENT TO REINNERV.VTION (GROUPS HI AND IV) 
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the corresponding intact muscle. The same is true also for all the hormone 
treated groups, which did not show anj' other marked histologic changes. 
In regard to nerve studies, at the end of the experiment no areas of de¬ 
generation in the sciatic nerve, distal from the site of crushing, were ob¬ 
served. 

From the figures in Table 3, it can be stated that the results obtained 
with the muscle weight studies were, in general, confirmed bj' fiber-size 
measurements in the triceps surae muscle. The regeneration-facilitating 
effect of STH, however, seemed to be more evident and, on the other hand, 
the positive influence of thyroxin proved to be less significant, as judged 
by determinations of the average diameters in muscle fibers. 


Table 3. Results of the studies ox muscle-fiber diameters 


iroiip 

Tro.Ttment 

Fiber size 

in triceps surae (p) 

Intaet 

Nerve lesion I 


I 

Control (initial) 

18.1 ±0.47 

(1S.0±0 55) 

99.4 

IV 

'Serve lo.‘:ion (final) 

30.7±0.CI 

20.8 + 1.50 

1 ()7 7 

VII 

Nerve Ic.sion-l-STH 

34.9+0.55 

29.7 + 1 .41 

1 85.3 

VIII 

Nerve le.'iion-f Estradiol 

24.C±0.42 

20.2 + 1 21 

1 82 1 

IX 

Nerve le«ion 4-Methvltcstosterone 

31 .6+0.50 

27.3 + 1.12 

1 80.3 

XI 

NerA’e lesion -fTliyroxin 

20.1 +0.30 

19.9 ±1 38 

70.2 


* The .TVci'iino filior-clianioter of llio intact muscle was taken as 100%. 


niscussiox 

It is evident from the summary of our findings that among the hormones 
used, methylteslosterone exerted the most beneficial effects upon the 
regression of muscle atrophy of nervous origin. Since 17-ethyl-19-norle.s- 
fosterone proved to be a highly active anabolic steroid in man (12) and its 
anticatabolic properties have also been experimentally demon.strated (13), 
we decided to compare its effect on mtmcular tissue with that of the rela¬ 
tively more virilizing mcthylte.sto.sterone. Our re.^^ults now indicate that 
at the high do.se level u.sed none of these hormones stimulate the somatic 
growth and their effect is different upon the intact and e.spceiall}- on the 
regenerating mu.scular tissue: methyltesto.sterone facilitates the regression 
of muscle atrophy to near completion, while 17-ethyl-19-nortestosteronc 
jiroduccs a marked inhibition of this process. It .seems po.ssible that the 
anabolic effects of testoid compounds upon the muscular tis.sue depend 
not only upon the do.se and duration of the treatment (LI, 1.5: for further 
literature sec Ref. IG), but also on other, as yet uncertain, conditions. 

The regeneration-facilitating effect of STII is also satisfactory, because 
based on a comparison with other observations (17, IS) it can be assumed 
that the decrease of the ratio of the muscle weight to body Aveight pro¬ 
duced by STH in the present investigation is characteristic only duriim an 
early period of life and is. thus, conditional. 

It is important to point out furthermore that estradiol, de.spite its get.- 
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eral catabolic properties, was unexpectedly found to be effective in facili¬ 
tating the regression of muscle atrophy. Our experiment clearly demon¬ 
strates the enhanced regression after estradiol treatment, but as only in¬ 
tact female rats were used, there is no indication of the mechanism in¬ 
volved. 

As regards the effect of thyroxin, it is worthy of mention that previous 
experiments demonstrated that this hoi'mone accelerates the rate of atro¬ 
phy of denervated muscle (6, 9). It is believed that thyroxin administra¬ 
tion exerts this effect by acting as an accelerator to the catabolic processes 
involved in the disintegration of the cytoplasm of the denervated muscle. 
Therefore, the observation that th^woxin does not exert the same un- 
beneficial effect on the regenerating muscle is worth}'^ of attention. 

The finding that cortisol, bj' diminishing the normal regi'ession process, 
resulted in a more marked degree of muscle atrophy between all groups 
may be compared to recent findings. These demonstrated not onl}^ the 
aggravation of the development of muscle atrophies of nervous and disuse 
origins (3, 6), but also the production of a circumscribed muscular atrophy 
(2, 4) after cortisol treatment. 

In considering the present findings, it should finallj' be noted that by 
employing a nerve crush method similar to that used in these studies, we 
w'ere able to demonstrate that some degree of permanent atroph}'- is to be 
anticipated after nerve injury. An experiment was performed on 8 rats 
with an initial bod}^ weight of 53 ±3.4 gm. Five months after the nerve 
lesions were performed, the following results were observed: Final body 
weight, 246 + 12.6 gm.; intact triceps surae weight, 1608 + 10.6 mg.; con¬ 
tralateral muscle weight (on the side with nerve lesion), 1151 +14.2 mg.; 
degree of muscle atrophy (percentage difference), 71.5%; ratio of the in¬ 
tact muscle weight to body weight, 65.4%; ratio of affected muscle weight 
to body weight, 46.8%. 

Comparison of these findings with those after STH, methyltestosterone, 
estradiol and thyroxin treatments shows that over a considerably short 
period these hormones are able to increase the regression of the muscle 
atrophy to above the final degree which is seen in animals not treated 
with hormones. 

It is also of interest to note that the data obtained in these experiments 
allow for the conclusion that, under certain conditions, catabolic hormones 
(e.g., thyroxin and estradiol) can even promote a circumscribed anabolic 
process, such as the regression of atrophied muscle tissue. 
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EFFECT OF PROGESTERONE AND ESTRONE ON THE 
INCIDENCE OF CONGENITAL MALFORMATIONS 
DUE TO MATERNAL VITAMIN E DEFICIENCY' 

DOPOTHY WEI CHENG 

Department of Anaionuj, Stale Universitij of Iowa College of Medieine, Iowa City, Iowa 

ABSTRACT 

In a sorios of cxiDorimcnts 299 Iloltzmnn rats were used to determine the 
effect of progesterone and estrone on tlie incidence of congenital abnormalities 
induced by marginal maternal vitamin E deficiency. It was observed that 
dailj' subcutaneous injection of 4 mg. of progesterone or 2 pg. of estrone, singly 
or in combination, from the third da_v of gestation till term, in addition to 
2 mg. of d,/-alpha-toeophcrol acetate supplementation on the 10th daj% re¬ 
sulted in a reduction of the weight gain of the mother rats during gestation, 
the average number of implantation sites and the percentages of normal and 
abnormal young, with concomitant increase in the incidence of resorption. 

This abolition of the appearance of congenital abnormalities was further sub¬ 
stantiated unequivocall}’ when a single dose of 4 mg. of progesterone or 2 gg. 
of estrone was given by gavage together with 4 mg. of vitamin E on the 10th 
day of gestation. Similar injections of 1 mg. of progesterone and/or 0.5 gg. of 
estrone as well as the injections of 4 mg. progesterone and 10 mg. estrone did 
not produce anj' significant effect. Thus, the administration of i)rogesterone 
or estrone at certain levels continuously or b.v a single dose either reduced or 
abolished the incidence of congenital malformations in maternal avitamino¬ 
sis E. 

P REVIOUS studies have shown tliat congenital malformations can be 
produced in the rat maternal vitamin E deficiency (1, 2). Some pre- 
liminai'}^ observations on the histological and other changes in the term 
fetuses have been described (3, 4). Gross observations of the abnormal 
embryos from the 11th daj'’ of gestation onwards have recently been re¬ 
ported (5). The literature on the interrelationship between vitamin E 
and hormones was reviewed b}'^ Mason (6), who concluded that the pre¬ 
ponderance of experimental evidence up to 1944 exonerated the anterior 
pituitary and thyroid as instigators of reproductive and other disturbances 
in vitamin E deficienc}'’. However, recently Kaunitz (7) showed b}'’ ovarian 
transplantation experiments that there was some unspecific ovarian 
d 3 ^sfunction in prolonged vitamin E de^icienc 3 ^ This fact was also borne 
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out b}’ the finding that the gonadotrophin content of the anterior pituitary 
of old, vitamin E-deficient male and female rats was significantly increased 
(S). Furthermore, after stud 3 -ing the effects of injection of alpha-estradiol, 
progesterone and tocopherol singlj' or in combination upon the uterine 
pigment formation of spaj^ed, jmung vitamin E-deficient rats Kaunitz and 
associates (9, 10) suggested that progesterone and the tocopherols seemed 
to have functionally similar effects in preventing pigment formation in 
estradiol-injected, spa 3 'ed females. Since the interrelationship between 
vitamin E and hormones is still in a state of controvers 3 ', it was deemed 
interesting to determine the effect of estrone and progesterone on the 
incidence of congenital abnormalities induced h 3 ' maternal vitamin E 
deficiency. 

EXPERIMENTAL METHODS 

A total of 299 rats wore used in the experiments reported here. Tlie jiroeediire used 
in the production of congenital abnormalities in maternal vitamin E deficiency has been 
roi)ortcd i)reviously (2, 5). Briefly, weanling female rats of Holtzman strain weighing 
approximately 40 gm. were put on a vitamin E-deficient ration consisting of 49% dex¬ 
trin, 22% lard, 1S% vitamin-free ea.sein, 5% brewers’ yeast. 4% salt mixture (!'. 
No. NIV), and 2% cod liver oil. When they attained a weight of approximately 175 gm.. 
(hey were mated with males which were fed stock pellets, .\fter mating, as evidenced 
by the presence of sperm in the vaginal smear, they were assigneil to different groups. 
Positive evidence of implantation was ascertained by observing the presence of erythro¬ 
cytes in the vaginal smears during the second week of gestation. Two mg. of f/,/-alpha- 
tocojiherol acetate in 1 ml. of corn oil (Mazola) was given to each of the rats by stomach 
tube on the 10th day of gestation. This iirocedurc has been used successfully in the 
l)roduction of abnormal young from vitamin Ivdeficicnt mothers. The rats with the 
supplementation of vitamin E only constituted the uninjected grouj). Seven groups of 
rats were injected daily suheutancoush'with ditferent levels of ])rogesterone and estrone 
in 0.2 or 0.5 ml. of corn oil sep;irately or in combination from the third day of gest.ation 
till term in addition to the vitamin E sujjplementation. Two groujis of rats were injected 
daily with either 0.2 or 0.5 ml. of corn oil. the vehicle for the hormones, for the same 
duration to serve as controls. .Mso, positive controls which received 2 mg. of (/./-alpha- 
tocopherol acetate daily during the first 5 days of gestation, and negative controls 
which did not receive any vitamin E supi)lementation were used. .Ml rats were laparoto- 
niized on the 21st day of gestation. The endocrine organs of many of the.-e rats wen' 
Weighed and fixed for histological examination, the results of which will be reported later. 

Tor analysis of the statistical significance of the incidence of abnormalities and others 
the chi-scpiare test was used. The significance of difference between groujjs with regard 
to numbers of im])lantation sites was assessed by means of the “.Student” t te.st tl I). 

RESULTS 

The vo.sult.s of the fir.sf serie.s of experiments are pre.sentecl in Table 1. 
riie rats that had received iiornione injections gained !c.-'s weigid during 
gestation tlian (hose witliout the injections, with those receiving I ing. of 
progesterone and 10 mg. of estrone gaining the least weiglit. Tlierefore. it 
ajipears (hat the administration of progesterone ami estrone umier the 
conditions of tlie pre.sent experiments did not improve the general health 
of the pregnant rats. 
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The perceniage of normal fetuses in the uninjected group was reduced 
to 16.7% from the positive control of 90.3%. Further reduction of the 
percentage of normal fetuses occurred in rats receiving either 1 or 4 mg. of 
progesterone or 2 gg. of estrone. There were no normal live fetuses in rats 
receiving 0.5 jig. of estrone or various combinations of estrone and proges¬ 
terone. The percentage of normal fetuses in the corn oil groups was about 
the same as that in the uninjected group. The negative control group re¬ 
ceiving no tocopherol supplement jdelded, as usual, no normal 3 -oung. 


Table 1. Effect of fboge.stehone and e.strone on the incidence of congenital 
abnormalities in vitamin E-I)EFICIENT RAT.S that had received 2 MG. D,L-ALPIIA 

TOCOPHEROL ACETATE ON THE IOtH DAV OF GESTATION 


Treatment 

Ilnt.i 

bred 

No. 

Wt. gain 
during 
gestation, 
gm. 

Live fetjises 

Dead fetuses 

Implantation sites^ 

Nor¬ 

mal 

%« 

Ab- 

noriiml 

Dead 

Rc- 

sorbed 

%’ 

Total 

No. 

Average 

No. 

Positive control 

40 

73 

00.3 

0 

0 

0.7 

420 

9.1 + 0.9> 

Uninjected 

37 

45’ 

10.7 

5.3 

1.0 

77.0 

280 

7.8 + 2.4 

Propesterone 1 inp. 

14 

28 

2.5 

0.8 

0 

06.7 

119 

8.5 + 2.7 

ProRostcronc 4 mg. 

10 

35 

0.3 

0.0’ 

0.8 

80.0 

129 

6.8+2.5’ 

Estrone 0.5 /xg. 

10 

17 

0 

0 

0 

100.0 

20 

6.7<±2.0 

Estrone 2 

11 

32 

10.0 

0’ 

0 

00.0 

68 

6.1 + 2.2’ 

Progesterone 1 mg. -f-estrone 0.5 /xg. 

8 

23 

0 

0 

0 

100.0 

50 

6.3 + 2.8 

ProBesteronc 4 lUR. -bc.strono 2 /ir. 

14 

22 

0 

0’ 

0 

100.0 

76 

5.4 + 2.5’ 

Progesterone 4 mg. +c.stronc 10 mg. 

13 

15 

0 

0 

0 

100.0 

— 

— 

Corn oil 0.2 ml. 

13 

35 

17.0 

O’ 

1.0 

82.0 

82 

6.3 + 2.4’ 

Corn oil O.-fi ml. 

22 

37 

10.0 

0’ 

1.0 

83.0 

179 

8.0 + 2.8 

Nogativo control 

40 

26 

0 

0 

0 

100.0 

359 

9.0±1.9’ 


> Including those of live nnd non-rcsorbed dead fetuses. 

s Tlie rats in this group received 2 ing. daily of d.l-nlphn-tocophcrol acetate during the first 5 days of gestation. 

’ Average of 33 rats. 

' .Average of 3 litters. 

^ Vitamin E-deficient gioup. The rats did not receive any vitamin E supplementation. 

« Calculated on the basis of total number of implantation sites, instead of on the number of live young obtained. 
’ P<.05 when compared with the uninjected group. 

* P <.01 when compared with the uninjected group. 


The most interesting result was a marked reduction in or abolition of 
the incidence of congenital abnormalities as one of the consequences of the 
hormone treatment. Calculated on the basis of total number of implanta¬ 
tion sites, the incidence was 5.3% in the group without hormone treatment, 
but it was 0.8% and 0.9% in the groups with 1 and 4 mg. of dail}^ pro¬ 
gesterone injection, respectivel 3 ^ Also, no abnormal fetuses occurred in 
the groups given estrone treatment, singly'' or in combination with pro¬ 
gesterone. The differences betiveen the uninjected group and the group 
receiving 4 mg. progesterone or 2 /xg. estrone, separate!}'’ or in combination, 
were significant at the 5% level. Those between the uninjected and the 
corn oil control groups were also significant at the 1% and 5% levels, re¬ 
spectively. 

The percentages of resportion were all increased in the groups injected 
either with the hormones or corn oil alone, with the groups receiving 0.5 
jug. estrone and various combinations of progesterone and estrone showing 
complete resorption. The average number of implantation sites for the 
uninjected group was 7.8, which was significantly lower than in either the 
positive or negative control groups. However, the average number of im¬ 
plantation sites, as well as the percentage of abnormal jmung, was signifi- 
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cantly reduced when 4 mg. progesterone or 2 /ig. estrone was injected 
singlj" or in combination during gestation. 

Inasmuch as the continuous injection of either 0.2 ml. or 0.5 ml. of corn 
oil alone to the rats from the third da}”- of gestation till term also abolished 
the appearance of abnormal young, the efficac 3 ^ of the hormones in this 
respect might appear to be questionable. In order to pinpoint the effect of 
the hormones and to obviate the complication of the effect of continued 
injection of the vehicle, corn oil, another series of experiments was under¬ 
taken in which the rats were given bj”^ gavage a single dose of 4 mg. of 
progesterone or 2 ng. of estrone together with 4 mg. alpha-tocopherol 


Table 2. Effect of a single dose of progesterone or estrone on the incidence of 

CONGENITAL ABNORMALITIES IN THE OFFSPRING OF VITAMIN E-DEFICIENT RATS 


Treatment on 10th 
day of go‘5tation 

Rats 

bred 

No. 

Wt. gam 
during 
gestation, 
gin. 

Live fetuses 

Dead fetuses 

Implantation sites’ 

Nor¬ 

mal 

Ab¬ 

normal 

%■ 

Dead 

/O 

Re- 

sorbed 

%' 

Total 

No 

A^ crage No. 

Vitamin E 4 mg 

20 

60 

17 7 

12 8 

0 4 

69 1 

226 

11 3±5 2 

Vitamin E 4 ing.-^progesterone 









4 niR. 

11 

43 

7 5» 

0* 

0 

92 5* 

SO 

8 OJ + 3 3 

Vitamin E 4 mg -festrone 2 pg. 

15 

56 

26 2» 

0* 

0 8 

73 0 

130 

8 7±2 1 


* Calculated on the basis of total number of implantation sites 

* P<.01 when compared to groups with 2 or 4 mg Mtamin C alone. 

* A\eraEc of 9 litters 


acetate dissolved in 1 ml. of corn oil on the tenth daj" of gestation. The 
use of 4 mg. of tocopherol was chosen in this series of experiments instead 
of the 2 mg. level since a higher incidence of abnormalities had been 
oI)tained with the 4 mg. level of supplementation (3). 

The results are presented in Table 2. With a single oral dose of 4 mg. 
progesterone or 2 tig. estrone in conjunction with 4 mg. alpha-tocopherol 
acetate on the 10th daj^ of gestation there was a complete abolition of the 
occurrence of congenital malformations in the live j'oung produced while 
those rats receiving 4 mg. of tocopherol alone produced 12.8% abnormal 
fetuses. In the case of progesterone treatment there was a significant re¬ 
duction in the percentage of the normal j’oung with a concurrent increase 
in the percentage of resorption similar to those obtained in the first series 
of experiments. However, in the estrone experiment there was an increase 
in the percentage of normal 3 'oung while the incidence of resorption re¬ 
mained al)out the same as in the control groups. There was no significant 
difference in the average number of implantation sites, nor in the maternal 
gain in weight during gestation, between the experimental and control 
groiqis. 

niscussiox 

As far as the percentage of abnormal j-oung is concerned, it is apparent 
from tlic data in Table 1 that the injection of corn oil or ovarian hormones 
111 corn oil from the 3rd da^’ of gestation until term reduced the incidence 
of congenital abnormalities induced bj- feeding mother rats a vitamin E- 
dcficient ration. It is not certain, from the data of this e.xperiment, wliethcr 
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tlie reduction of aljnormal fetuses was due to the injection of corn oil or the 
hormones per sc. It sliould l^e pointed out that in the case of corn oil injec¬ 
tions, t,lic abolition of abnormal fetuses occurred with corresponding in¬ 
crease in the percentage of resorption without affecting the percentage of 
normal young. The effects of corn oil in this respect could be due to either 
one of the following possibilities. Fir.stly, a change of the critical balance of 
the borderline deficiency of vitamin E, which is necessary for the produc¬ 
tion of congenital abnormalities, could have occurred. The presence of a 
trace amount of vitamin Ill ( 12 ) in corn oil might have changed the vitamin 
E conteiit of the blood of the mother to such an extent that the delicate 
balance by which abnormality could occur was shifted slightly. Secondly, 
it is possible that the coi-n oil might contain an unknown factor which could 
prevent the occurrence of abnormal fetuses when used in quantities larger 
than 1 ml. Further investigation is required to elucidate this point. 

The reduction or abolition of abnormalities in live fetuses by the injec¬ 
tion of ovarian hormones in corn oil was not of the same nature as that 
brought about lyy corn oil alone as shown b.y the fact that in the former the 
percentage of resorption was greatl.y increased with slight to drastic reduc¬ 
tion of the percentage of normal young. In the case of the combined injec¬ 
tion of 0.5 Mg- of estrone and 1 mg. of progesterone, or 2 fig. of estrone and 
4 mg. of progesterone, or 10 mg. of e.strone and 4 mg. of progesterone, com¬ 
plete I'esorption occurred, similar to the reproductive performance of fe¬ 
male rats in the negative control group receiving no supplemental tocoph¬ 
erol. The ph 3 ^siological significance of the.se re.sults are not entirely clear. 
It would appear that the continued injection of these hormones could inac¬ 
tivate the minute amount of tocopherol in the circulatory system resulting 
in total V itamin E deficiency. 

Results from the second series of experiments where the hormones were 
administered by gavage at a level of 4 mg. of progesterone or 2 fig. of 
estrone together with 4 mg. of tocopherol in corn oil in a single dose on the 
10 th day of gestation offer more clear-cut effects. The use of 4 mg. of 
tocopherol was justified inasmuch as this dose tends to increase the in¬ 
cidence of abnormalities. It is quite apparent from data presented in 
Table 2 that the oral administration of either 4 mg. of progesterone or 2 
fig. of estrone abolished the occurrence of the abnormal 3 mung. While both 
of these hormones abolished abnormalities, the mechanism of the abolition 
was probabl 3 ^ of a different nature in each case. In the case of progesterone 
administration there was an increase in resorbed fetuses. Ershoff (13) 
noted that the dail 3 '^ injection of 150 i.u. of estrone, 4 mg. of progesterone 
or 2 mg. of lactogenic hormone to vitamin E-deficient rats from the 6 th to 
the 16th day of pregnanc 3 ^ resulted in total resorption of fetal sites 63 ^ the 
time of autops 3 ^ on the 16th da 3 '-. As far as increasing the incidence of re¬ 
sorption is concerned it seems that the results obtained here are in accord 
with those of Ershoff although- a ph 3 ^siological explanation is still not 
readily available. 
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In the case of estrone administration, the percentage of resorption was 
maintained at the level of the tocopherol treated group but the percentage 
of normal young was increased with total abolition of abnormal young. 
Thus, the oral administration of a single dose of 2 jug. of estrone on the 10th 
day appears to be effective in counteracting the teratogenic effect brought 
about by marginal vitamin E deficiency. It is quite possible that the 
teratogenic effect of this t 3 "pe of marginal nutritional deficienc}' was 
partiallj' induced bj"^ an inadequate secretion of estrogens. Evidence on 
this point has been forwarded bj- Nelson, Lj-on and Evans (14) who showed 
that estrogenic hormones afforded marked protection during pregnane^’ 
in pyridoxine-deficient rats. 

Finally it might be interesting to point out the difference in the average 
number of implantation sites of the groups following the hormone ad¬ 
ministration between the first and second series of experiments. In the 
first series where the subcutaneous injection of the hormones was started 
on the third daj' post coitus, i.e., before implantation took place, there was 
a significant reduction in the average number of implantation sites in the 
groups receiving 4 mg. progesterone or 2 jug. estrone, separatel.y oi- in com¬ 
bination. In the second series when the hormone administration took place 
on the 10th da.y when implantation had occurred, there was no significant 
reduction in the average number of implantation sites. Our results from 
estrogen experiments confirm the previous observations of Courrier and 
Gros (15) in the cat. These authors found that if estrogen is given in the 
interval between insemination and implantation it prevents the implanta¬ 
tion and neutralizes the progestational changes in the uterus. However, 
after implantation, gestation is very difficult to interrupt with estrogen. 
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COMPARATIVE EFFECTIVENESS OF ESTROGENS 
ON FLUID IMBIBITION AND GROWTH OF 
THE RAT’S UTERUS^ 


F]Hi:DERICK L. HISAW, Jr. 

The Biological Laboratories, Harvard Uriiversitg, Cambridge, Massachusetts 

ABSTRACT 

Five natural estrogens (estracliol-17B. estrone, estriol, equilin and equilenin) 
and one synthetic estrogen (dicthylstill)cstrol) were compared as to effective¬ 
ness in promoting fluid imbilntion and growtli of tlie uterus in 22 -day old rats. 
Graded amounts of each estrogen were injected subcutaneously as a single dose 
in 0.1 cc. sesame oil and uterine responses observed at intervals up to 72 hours. 
Both quantitative and qualitative differences were found with respect to dose 
required for a response and speed, duration, and e.vtent of the reaction. Some 
estrogens are more effective for fluid imbibition and others more active for 
growth and superiority for one docs not imply superiority for the other. 

It was found that the minimal dose in micrograms required to produce 
883 % increase in uterine wet weight at si.x hours (.-Vstwood unit) is for estra¬ 
diol, 0.025; estriol, 0.029; dicthylstilbc.strol, 0.078; equilin, 0.812; estrone, 0.45; 
and equilenin, 0.54G. The dosage required to produce 70% gain in uterine wet 
weight at six hours is estriol, 0.078; estradiol, 0.1; dicthylstilbc-strol, 0.156; 
equilenin, 0.625; estrone and equilin, 1.25. The dose at which maximal im¬ 
bibition occurs at four hours rather than at six hours is estriol, 0.039; estradiol, 
0.15; diethylstilbestrol, 0.625; equilin, 5; and equilenin and estrone, 50.0. The 
order of potency for uterine growth between the thirtieth and fortieth hours 
by the dose required for maxim.al fluid imbibition on the sixth hour was found 
to be diethylstilbestrol, 0.1; estradiol, 0.1; equilin, 1.25; estriol, 5.0; estrone, 
1.25; and equilenin, 1.25. While the order of effectiveness for growth at large 
doses, up to 50 jug., was diethylstilbestrol, estradiol, equilin, estrone, equilenin 
and estriol. 

E strogenic compounds, both natural and synthetic, vary widely 
in their capacity to promote growth of the different structures of the 
female reproductive tract. There is also a marked species difference in 
responsiveness. Of two animals most commonlj^ used, the mouse is much 
more sensitive than the rat. However, comparisons of activit}^ are usually 
based upon a single reaction in a particular test animal, and the response 
most frequently selected in the past has been vaginal cornification. The 
chief advantage of this method is its simplicity and the fact that the same 
animals can be used repeatedly, but the data obtained are in large measure 
qualitative and subjective in that the}'- depend upon the evaluation of 
cellular contents of a vaginal lavage. There is also a disadvantage in that 
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it is difficult to excise tissues accurately from the vaginal wall for biochem¬ 
ical studies. A structure best suited for comparative studies of the phj's- 
iology of estrogens should be one that is not onlj^ responsive, but also 
discrete and easil}' accessible. The uterus comes most nearly meeting these 
requirements. 

Astwood (1) studied the sequence of changes in fluid content and weight 
of the uteri of 21 to 23-da3'^ old rats following single injections of graded 
doses of estradiol. This procedure not onl}’- made it possible to evaluate the 
response in terms of dosage but also related the succession of events with 
respect to time. He found that the response to a given dose of estradiol 
followed a eharacteristic pattern. The first noticeable effect Avas hj^per- 
aemia associated with accumulation of fluid in the tissues and uterine 
lumen. This phase of the response was maximal at six hours, followed bj^ a 
decrease in weight due to a partial resorption of fluid between the ninth 
and twelfth hours. At this point the utei’us entered into a growth phase 
which attained a maximal extent bj’^ the thirtieth hour. 

The time-relationship of uterine responses to estrogen has been used bj' 
others in more recent research. Notable among these are the observations 
by Teller (2) on the influence of estradiol on nucleic acids, respiratoiy 
enzymes and the distribution of nitrogen in the rat uterus, and the experi¬ 
ments bj" Mueller (3) on the incorporation of radio-active amino acids in 
uterine tissue under the influence of estrogen. This problem has been ap¬ 
proached in the present study by comparing the individual capacities of 
five natural estrogens (estradiol-17B, estrone, equilin, and equilenin) and 
one .synthetic compound (dieth.ylstilbestrol) to induce fluid imbibition 
and growth of the uterus. 


JIETHODS 

Tlic .animals used in the present investigation were normal se.xually immature 22-dav 
old female, rats of the Harvard strain weighing 40 to 50 grams. The estrogens were 
furnished in erystalline form by courtesy of the manufacturer,= and a stock solution of 
each was prepared by serial dilution. The estrogens at all dosage levels were adminis¬ 
tered subcutaneously in 0.1 cc. of .sesame oil and the animals were killed at selected 
limes following a single injection. 

The animals were killed by cervical dislocation, the uteri were immediatelv dis¬ 
sected out and freed from the adhering ti.s.sue, weighed on a torsion balance and placed 
in a tared ve.ssel for dry weight determinations. For dry weights, the tissues were placed 
in an oven at a temiierature of 100 to 115 degrees centigrade and weighed twentv-four 
hours later on a microbalanee. Nitrogen determinations were made at the beginning of 
the study but these values so closely paralleled absolute dry weights that this was not 
included as a routine ])rocedure. 

In those instances where cxj)res,«ed uterine weights were desired, the uteri were re¬ 
moved as above, weighed, and then nicked with scissors, the luminal contents gcntlv 
pn'.sscd out on moist jiaper toweling and reweighed. .\11 uterine weights, unless other- 

’■ ^^e are very grateful to Park, Davis and Comjiany, .Schering Coriioration and 
.\yets.t l.abonitorics for generous gifts of natural estrogens. 
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wise stated, are for the tissue plus the luminal contents. The wet weights of uteri that 
were distended with luminal fluid, are .slightly less than true values, as in the process of 
removal it is imj^ossihlc to i)rcvcnt the Io.ss of a small portion of the fluid when the 
uterine ccrvi.v is cut. 

A four-hour and .si.\-hour dose resi)onsc curve was determined for each estrogen for 
the study of fluid iml)ihition. fl'wo do.sage levels were used in evaluating the relative 
growth ])romoting i)roperties of the dilTercnt estrogens. A high dosage of fifty micro- 
grams and a low dosage, determincfl liy using tlie minimal amount of hormone giving 
a maximal fluid imbibition within six hours. 

Approximately eight to ten animals were used to establish the position of each point 
on a ])articular curve. The flata on uterine wet anrl diy weights and percentage of water 
were analyzed statistically to determine the degree of uniformity within each group by 
using the formula derived for u.sc with calculating machines (S), 


St.'iiidard error 
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RESULTS 

Fluid imbibition 

Fluid imbibition increase.s proportionally with the clo.se of estrogen 
adminislered and the following is noted when a graded .series of close.s is 
given and the utei'i weighed .six Jiour.s later: a) The percentage differences 
in weight gained are greatc.st at low dosages, and decrease as the tissue 
reaches its maximal ability to respond, b) Amounts of an estrogen greater 
than that required for a maximal response at six hours not only do not 
produce a fin-ther gain in weight ljut may reach a point at which the re¬ 
sponse is less than that for a smaller do.se (Figs. 1-6). 

The drop in uterine weight occurring on the sixth hour at high dosages 
of esti’ogens would appear to he due to a self-inhibitory effect, but such is 
not the case. Uter’ine weights ol^tained at the end of four hours for high 
dosages may be higher than those at six hours for the same dose (Figs. 1-6). 
Also, when the four-liour re.sponses are examined it is again noted that in 
many instances, as in the six-hour test, there is a falling off of uterine 
weights with higher dosages. The same explanation ma}" again be applied, 
as in certain instances three-hour responses were found to l^e higher than 
those for the corresponding four- or six-hour test (Fig. 11). Thus, it can be 
stated; as the dosage of an estrogen is increased the time of maximal 
fluid imbibition occurs earlier than that obtained with smaller dosages. 

All gains in weight during the first six hours are due mainl}'^ to the ac¬ 
cumulation of fluid in the lumen of the uterus. Dry weights for these uteii 
show an increase over those of the control l^ut this is misleading. The gam 
is due to the solid material present in luminal fluid, as sliown by the fact 
that when luminal fluid is expressed the uterine dr}" weight is essentially 
the same as that for the untreated control. 

The percentage of total water parallels uterine wet weight. As uterine 
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dosage in WlCROGt^ANS 

Fig. ]. Four aiul six hour rcsiionsc to cstriol. Tlie standard errors are shown at the 
top of the liars in figures 1 to C>, and the number of animals used is indicated on tlie base 
of each bar. 

weight increase.s with succes.sive do.sages so does the percentage of water. 
Likewise, when the amount of water is decreasing, during the period of 
re.sorption, uterine wet weights also decrease. 

Dry weights show a different stituation wlien the six and nine hour re¬ 
sponses to a low dosage are compared with their percentages of water. 
The percentage of water differs by three percent in the total amounts 
while the absolute dry-weights are the same. A possible explanation is, 
that solid material is carried into the lumen as a part of the luminal fluid, 
but during resorption mostly water is removed, resulting in a fluid of 
greater concentration. 

l^sfrogens differ in their ability to promote fluid imbibition. To facilitate 
comparisons, estradiol was used as the standard. An .Vstwood unit is that 
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DOSAGE IN MICROGRAUS 


Fig. 2. Four ,nnd six hour responiie to e-tradio). 
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Fig. 3. Four and .si.v lioiir rospon.sc to estrone. 

amount of estrogen tvJiich will elicit an increase in uterine wet weight of 
33 5 % in six hours. This unit is equal to 0.025 jug. of estradiol. The order 
of estrogenic potency from strongest to weakest, in micrograms equivalent 
to one Astwood unit, is as follows: estradiol, 0.025; estriol, 0.029; diethyl- 
stilbestrol, 0.078; equilin, 0.312; estrone, 0.45; and equilenin, 0.546. 
Estradiol and estriol are almost equal and they in turn are about three 
times as strong as diethylstilbestrol, 12| times stronger than equilin, IS 
times as strong as estrone, and 21.S times stronger than equilenin in pro¬ 
ducing uterine fluid imbibition. 
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Fig. 4. Four and six hour response to equilin. 
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DOSAGE IN MICROGRAMS 

Fig, 5. Four and siv liour response to equilenin. 


The minimal dosage of estradiol producing a maximal response in six 
hours is 0.05 microgi-am. The uterine weight so obtained represents an 
increase of 75% over the control. The microgram amounts of the various 
estrogens required to produce a 70% increase, in their order of activity, 
aie;estradiol, 0.05;estriol, 0.07S, diethylstilbesti-ol, 0.156;equilenin, 0.625; 
estione and equilin, 1.25. These results show that estradiol is 11 times 
stronger than estriol, 3 times stronger than diethylstilbestrol, 121 times 
stronger than equilenin, and 25 times more potent than es rone or equilin. 

The dosage of an estrogen required to produce uterine weights at four 
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hours that are greater tlian tliose at six iiours seems as characteristic for 
each compound as the amount required for an Astwood unit. A possible 
exception is estriol for wJiicli the four-hour response was first the greater 
at 0.039 fig. followed b}'' considerable irregularity between the two responses 
as the dosage Avas increased (Fig. 1). With this possible exception, the 
minimal amount.s of the different estrogens required to bring this about 
when listed in the order of strength in microgi-ams are as follows: estriol, 
0.039; estradiol, 0.15; diethylstilbe.strol, 0.625; equilin, 5; and equilenin 
and estrone, 50. It is seen that for this reaction estradiol is probably about 
one fourth as strong as estriol, four times stronger than diethylstilbestrol, 
32 times stronger than equilin, and 320 times more potent than either 
equilenin or esti’one. 

Another comparison that can be made from the data obtained for these 
six estrogens is the greatest increase in uterine Aveight that each can induce 
in six hours regardless of dosage AA’itliin the range used. When compared on 
this basis it is seen (Figs. 1-6) that the maximal Aveight attained by uteri 
on estradiol in this time AA'as 35 mg. at a dosage of 2.5 /zg. Approximately 
the same maximal Aveights AA'ere obtained foi- estrone at 2.5 /xg. and di- 
ethylstilbestrol at 5 pg., AA'hile equilin at 10 pg. produced uteri someAvhat 
larger. Estriol at 6.25 pg. and equilenin at 25 pg. are capable of producing 
uteri Aveighing more than forty milligrams AA'hich is at least a hundred per 
cent increase OAmr the controls. 

These obser\mtions indicate that if the earlj^ response to an estrogen is 
properly cAmluated it is necessary to compare the dose-response curA^es for 
both four and six hours. This is aa’cII illustrated by estriol AAdiich at 50 pg. 
giAms the same response as that for 0.156 pg. on tlie sixth hour. Examina¬ 
tion of the four- and six-hour responses to corresponding intermediate 
doses of estriol sIioaa's they are quite different. The response to 0.156 pg. 
falls on the rising leg of the curA'^e of fluid imbibition AAdiile that for 50 pg. 
is in the phase of AA^ater resorption haAung already reached a maximum at 
four hours. These effects as described for estriol are generallj'’ true for the 
other fiAm estrogens although diethydstilbestrol seems to act more sloAA'ly 
in that a maximal response to a Ioaa" dosage is reached at nine hours in¬ 
stead of six. 

These observations shoAA’’ that fluid imbibition is not only a response 
common to all estrogens but that thej’" differ AAudely'^ in their ability to 
produce the effect. Also, the response to a particular estrogen is constant 
and characteristically related to time and dosage. On the basis of these dif¬ 
ferences, it can be stated that estradiol and estriol are approximately 
equal Avith respect to microgram amounts required to produce an AstAAnod 
unit, but three times more diethylstilbestrol, 12| times more equilin, 18 
times more estrone, and 21.8 times more equilenin is required to produce 
the same effect. HoAvever, for the production of 70% increase in uterine 
AA^eights, estradiol is the most efficient, folloAved by estriol, diethylstilbestrol 
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equilenin, estrone and equilin in that order. The data for the five estrogens 
also show that as the dosage is increased maximal imbibition occurs 
earlier, and that thej- differ with respect to the amount necessary to bring 
this about. 

Ulcn'nc groivth 

Stimulation of uterine gi'owth is a general property of estrogenic com¬ 
pounds, but some are more effective than others. Rapid growth begins 
between the ninth and twentieth hour in a typical response to a single 
injection of an estrogen, after which the rate progi’essively decreases as 
the uterus approaches its maximal response. Maximal uterine weights are 
usually attained by the fortieth hour followed b}' cessation of growth and 
involution, which begin at about the forty-eighth hour and are complete 
by the seventy-second hour at which time weights of the uteri approach 
those of untreated controls (Figs. 7-12). 

The percentage of water in general reflects the physiological state of 
the uterus. During the first few hours fluid imbibition greatly increases 
and then falls rapidly during re.sorption, though it never reaches the con¬ 
trol level, and again rises with the initiation of growth. When growth be¬ 
gins, as measured gravimetrically, water increases proportionate to uterine 
weight but never equals that of the first four or six hours during rapid 
fluid imbibition. Two exceptions to this general statement are the re¬ 
sponses to equilin and diethylstilbestrol which at high doses continue the 
formation of luminal fluid in the presence of gi’owth (Figs. 10 and 12). 

Uterine dry weight is a reflection of uterine wet weight, as it too in¬ 
creases proportionately during growth. This is not due to solid material 
present in luminal fluid, but to tis.suc growth, as the dry weights of uteri 
from which the luminal fluid has been expressed arc much greater than 
those of the controls. It is probably true that in the intact uterus during 
the growth phase a small portion of the dry weight may be due to solids 
of luminal fluid that have not been resorl)ed and certainly so when con¬ 
current growth and imbibition occur such as that following injections of 
large doses of diethylstilbestrol or equilin. However, in general the uterine 
dry weights increase as growth progresses and decrease during the sub¬ 
sequent tissue involution. 

Both high and low dosages of the estrogens were used for comparisons of 
growth responses following a single injection. The liigh dosage was in each 
instance fifty micrograms while the minimal amount of each compound 
ro(iuired to give maximal water imbibition in six hours was used for the 
low dosage. The larger amount was .^elected aiRitrarily while the smaller 
doses were based on a biological reaction ami eonsecpiently proiiably 
should be considered as being more nearly {diysiological. Howe\er. the 
high dosages brought out certain growth characteristics that wen' Juit 
evident when small doses were given, for example, some estrogen- wro 
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found to be more active over longer periods of time than others. Also, the 
maximal growth Avith 50 /ig. Avas greater for long acting estrogens, AA'hile 
those that acted for a shorter time produced their maximal effect earlier in 
the groAvth phase and the subsequent decline Avas more rapid (Figs. 7-12). 
These differences Avere due probably in part to difference in solubility of 
the steroids but this does not seem to offer a complete explanation. 

Comparisons of groAvth produced by a dose of each estrogen based on 
the amount required to induce maximal fluid imbibition in six hours 
shoAved that these tAvo effects are quite independent responses (Figs. 7-12). 



TIME IN HOURS 

Fig. 11. Growth response with equilenin. 


Some that are strong promoters of fluid imbibition are relatively AA'eak for 
groAvth (equilenin and estriol) AAdiile others (estradiol and equilin) are 
equally effectiA^e for both. Equilenin and estriol in doses of 1.25 pg. giA'^e a 
good response for fluid imbibition at six hours (Figs. 1 and 5) and slight 
groAvth at 30 to 40 hours, AAdiile ermn 5 /eg. estriol gir^es a poor groAAdh re¬ 
sponse (Figs. 7 and 11). 

The curA'^es representing groAvth induced Avith fifty micrograms of the 
different estrogens (Figs. 7-12) shoAv certain shifts in position AAuth respect 
to each other during the groAvth phase. While the S 3 mthetic estrogen, 
dieth3dstilbestrol, is the strongest groAvth promoter and estriol is the Aveak- 
est, the other four, estradiol, equilin, estrone, and equilenin, change then 
order of activit 3 ^ Their relatiA’’e positions at tAvent 3 '^ hours in ordei o 
greatest actiAdt3^ are equilenin, estrone, estradiol, and equilin. HoweA^ei, 
Avhen the respectiA^e groAvth cur\^es are compared it is noted that equilenin. 
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wliicli ranks first at twenty hours, has already’ induced even gi-eater uterine 
weights earlier, and its effect is in fact subsiding while at twenty-four hours 
equilenin has dropped to fifth place, being replaced by estrone. Equilin, 
at thirty and fort}' hours, is followed by estradiol, estrone (now sub- 



Eig. 12. Gnnvlli rc.spmiso with <iipthylstilh['.«trol. 

siding), and equilenin. At forty-eight bour.s estradiol has replaced equilin, 
(now .cubsiding) otherwi.ee the order remains the .came as at forty hour.c, 
Ifiethylslilbestrol and equilin promote both uterine growth and fluid in> 
bibition simuhaneotisly, but even so .cueh uteri after the fluid has been 
expressod. have wet weights at thirty and forty hours equal to those of 
atiimnls given estradiol. The relative effoetivene.ee of the six estrogens in 
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order of tlieir al)ility to stimulate over-all growth would appear to be 
diethylstilbestrol, estradiol, equilin, estrone, equilenin, and estriol, among 
which equilenin and estrone seem to act more rapidly than the others 
and consequently produce their effects at an earlier time. 

These studies tend to show that while the action of estrogens are in 
general the same, each has its own individual peculiarities both as to do¬ 
sage i-equired for a particular reaction and the character and extent of 
the response. Although certain differences in potency and duration of ac¬ 
tion have been mentioned by many investigators these usually have been 
accredited to variation in rate of absorption, method of administration, 
rate of metabolic destruction and other factors rather than to the possi¬ 
bility of a physiological individuality of the compounds. 


DISCUSSION 

Many investigators have tested the relative activities of estrogens bj' 
various standardization procedures and their observations on uterine 
growth are in general agreement with our own. Also Szego and Roberts 
(9) found that in rats 24 to 27 da.ys old the relative effectiveness of estro¬ 
gens in promoting the uptake of water by the uterus was of the order estriol, 
estradiol-17B and estrone. However, a more detailed analysis of the action 
of estrogens on fluid imbibition and uterine growth has brought out more 
clearly certain individual difffferences. 

It is obvious that certain variables need to be taken into consideration 
in evaluating such differences. Among these are variations in rate of 
absorption, rate of metabolic destruction, and methods of administration. 
In the present studj^ all estrogens Avere given subcutaneously in 0.1 ml. 
sesame oil. There AAms little difference in character of the response in these 
experiments and others in A\diich 0.1 ml. of propylene gljmol aa^s used. 
Szego and Roberts (9) found that imbibition of uterine fluid in young 
rats on the sixth hour Avas in general the same Avhen estrogens AA'ere given 
intraperitoneally either in 0.2 ml. oil or as sodium salts in phj’-siological 
saline. Apparently the most important difference AAms a three-fold increase 
in the response to estriol Avhen given in saline Avhile estradiol and estrone 
Avere equally effective in both. The order of effectiveness remained the 
same, being estriol, estradiol, and estrone Avhich is in agreement AA'ith our 
observations. We have found that the estrogens AA'hen listed in order of 
their ability to produce approximately 70% increase in uterine AA^et AA^eight 
by the sixth hour are estriol, estradiol, diethylstilbestrol, equilenin, 
estrone and equilin. Though much is yet unknoAvn regarding the nature 
of estrogenic action, our data indicate that estrogens may differ both as to 
the amount required for a particular reaction and as to the character of 
the response. Some are more effective for imbibition of uterine fluid AAdule 
others are more active in the promotion of uterine groAAdh and superioi 
capacity for one does not necessarily indicate superior capacity for the 
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other. For example, estradiol is the .strongest of the natural estrogens for 
growth and excels at low doses for fluid imbibition while equilin ranks sec¬ 
ond to e.stradiol at all doses for growth, is weak at low doses for imbibition, 
i)iit is very effective for both growth and imbibition at high doses. 

.\s to the physiological meaning of these differences, nothing definite is 
known hut it may be .significant that ordinarily two or more estrogens are 
present and pre.sumablv act concurrently in the promotion of a response. 
Fslradioi-17B and estrone are apparently hormones of the estrous cycle, 
wiiile in women estradiol-J7B and estrone and a small amount of estriol 
are present during the menstrual cycle (4), and in pregnancy, estriol be¬ 
comes by far the dominant hormone (5, 6). A similar situation seems to 
hold for the mare. listradiol-lfB and estrone are found during the estrous 
eyele while in pregnaney at least three additional steroids appear; equilin, 
ofiuilenin and dihydro-equilenin, of which the first two are the most abun¬ 
dant (7). The observations in the present study on two estrogen effects, 
fluid imbibition and growth, sugge.st the possibility that under normal 
conditions the combined effect of the .several estrogens may be one in 
which some are more eifective'than others for certain aspects of the reac¬ 
tion or tiuit the action of one may have been limited by that of another 
(10, 11). .Also, the abundance of e.striol in women and equilin and equi- 
Icnin in mares during pregnancy strongly suggests that these steroids are 
hormones of jnegnancy and the differences in activity reported in this 
.•'tudy seem to support the thought that they may indicate adaptations for 
the performance of physiological processes peculiar to gestation. 
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NOTES AND COMMENTS 


DEPRESSION OF THE MOUSE THYROID IODIDE PUMP BY GOITROGENS 

ABSTRACT 

Tlie administration of tiiiouracil or propylthiouracil to mice maintained on a 
moderately low iodide diet results in depression of the activity of the iodide pump 
per unit of thyroid weight (expressed as the thyroid/scrum radioiodide gradient, 
T/S. The activity of the pump per gland (T/S) increases with increase in total th}'- 
roid weight, increase in T/S or increase in both. 

Several groups (1, 2, 3) have reimrted that thyroid iodide pump activity (T/S) of rats 
is increased after the administration of thiouracil (TU) or propylthiouracil (PTU). 
Lipner el al. (4) and Scow and Greer (5) have observed that the administration of PTU 
to mice decreases the T/S. This report presents the data on which the abstract of Lipner 
el al. (4) was based. 


METHODS 

Thirty-five CJI-HeN male mice three months old were randomized into seven groups 
and placed on an adequate stock diet of natural foodstuffs moderateh' low in iodine.' To 
this diet were added varying amounts of either PTU or TU (Table 1), and the animals were 
fed their respective diets until the experiment was terminated at the end of four weeks. 


Table 1. Debbession of the thyroid iodide pump by goitrogens 


Treatment 

Mouse wt., gm. 

Thyroid weight 

T/S 

t/S 

Mean 
acinar cell 
height 

Control 

24.4+0.8 

1.70±0.12*(4)t 

197.3 + 11.8 

3.35 

9.5+0.3 

1250 Mg.TUt 

23.8±0.3 

IG.72+2.07 (5) 

119.6+ 2.5 

20.0 

14.9+0.4 

2500 ag.TU 

20.4±0.8 

18.G0+2.0 (4) 

146.6 + 11.0 

27.3 

13.7+0.3 

5000 tig. TU 

22.9 + 1.0 

11.9G + 1.08 (5) 

191.1+15.6 

22.9 

14.6+0.3 

125 ^Lg. PTU§ 

23.0 + 1.G 

13.88+2.OG (5) 

119.6 + 13.2 

16.5 

17.5+0.4 

250 A.g. PTU 

23.9 +0.8 

17.4G+2.24 (5) 

132.8+ 6.5 

23.2 

16.9+0.3 

500 ag. PTU 

23.4 +0.G 

15.30+2.2G (5) 

168.9+ 9.3 

25.1 

16.8+0.2 


range 

* Standard Error of the Mean =- (8) 

No. of Animats 

t Number of animals, 
t Thiouracil/gm. diet. 

§ Propylthiouracil/gm. diet. 


Received January 24, 1958. 

' Tlie composition of the Morris moderately low iodide diet No. 77 is as follows: 


Skim milk 

22.75% 

Ground whole wheat 

61.25% 

Dehydrated brewer’s yeast 

4.00% 

NaCl 

1.40% 

Ferric citrate 

0.13% 

Cod liver oil 

0.50% 

Corn oil 

9.70% 


100 . 00 % 

A modified version of this diet No. 77-A in which the cod-liver oil was replaced by a 
Autamin A and D concentration in corn oil contained bj”^ analysis 0.75 + 0.039 gg- o 
iodine/gm. of diet (6). 
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Tli(' T/S \\a‘. (Ictcrmiiu'd as described by Hahni ct al. (3). Forty-five minutes after 
tlie acute blocking do'^e of 1.0 mg. PTU per mouse, the mice received 1 pc of I”' injected 
>.ubcutaiieouAy on the back in the region over the pelvis. The animals were killed be¬ 
tween 00 and 90 mimite« after the I”' was administered. Tlie planchet technic of Vander- 
l/iun and Greer (2) for determining the 1"' content of thyroids and serum was u«ed. 
Tlie radioiictivity was determined by means of a Geiger-Muller counter. The T/S was 
calculated from the ratio of radioiodidc per 100 mg. thyroid tissue to the radioiodide per 
0.1 ml. scrum. Tlie t/S was calculated from the ratio of radioiodide per total gland to 
the radioiodide per 0.1 ml. of serum (G) or t/S = T/SXtotal gland \\eight/I00. 

The thyroids were dissected under a binocular microscope at 9X magnification and 
ueighed immediately on a Roller-Smith torsion balance. Radioactivity was determined 
on one lobe. The other lobe was fixed in Sl'S.V, embedded in paraffin, and sectioned at 
op for histological examination. One cell was selected for cell height measurement from 
each acinus that ap])eared to be sectioned through the center. The sections were pro¬ 
jected on a screen and in each .section the acinar heiglit of 20 cells was measured. 


Ur.suI.Te .XNU DIsCUSslOX 


'I'lic data in 'J'able 1 indicate that PTU and TU had an effect on mouse thyroid 
weight and acinar cell height similar to that seen in the rat. The effect of these drugs 
on mouse thyroid function when the T/S is used as the measure was dissimilar. Com- 
(lared with the controls both PTU and TU depressed the T'S at low dose levels. .Vt 
the highest dose hwel 'i’U was le=s effective than the lower doses in stimulating thyroid 
growth and then' was no depression of T/S. PTU caused a jirogrcssive increase in T S 
a- th" dose increased. 

Ilalini (7) has suggested that the t/S is a more reliable index of iodide jmmp ac¬ 
tivity than the T S especially when gland weights are greatl.v different. The t, S cal- 
(Illation applied to the data of Scow and Greer (o) indicates that the iodide pump ac- 
ti\it\ iiei gland increases with increased gland weight (7). Table 1 sliow,s the t'S and 
T S for the (ireseiit data. In the mouse the mechanism resjionsible for iodide aecumula- 
lioii docs not increase at the same rate that tluroid weight increases. .Vs a result T'S 
decreases while t S rises. From the point of view of the whole animal, the t S is a 
more meaningful index of th\ roid function than i- the T .S which relleets the functional 
st'itus of a unit (luantity of the gland. 

11. ,1. Lii'xi.it.-■> RiLi.n P. VVxGMH,’ IIsnoLi) 1’. .Monnis’ 
.Viitmiinf /nsfitidisof lUnUh 
lit Hu'.(Id. )f(iriilnii(I 
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DEPRESSION OF THE MOUSE THYROID IODIDE PUMP BY GOITROGENS 

ABSTRACT 

The administration of thiouraeil or propj’lthiouraeil to mire maintained on a 
moderately low iodide diet results in depression of the activity of the iodide pump 
per unit of thyroid weight (expressed ns the thyroid/serum radioiodide gradient, 
T/S. The activity of the pump i)er gland (T/S) increases with increase in total th}'- 
roid weight, increase in T/S or increase in both. 

Several groups (1, 2, 3) have reported that thjToid iodide pump activity (T/S) of rats 
is increased after the adiniiiistration of thiouraeil (TU) or prop 3 ']thioiiracil (PTU). 
Lipner el al. (4) and Scow and Greer (5) have observed that the administration of PTU 
to mice decreases tlie T/S. Tliis report presents tlie flata on which the abstract of Lipner 
el al. (4) was based. 


MCTIIODS 

ThirU’-five C.ilI-IIcN male mice three months old were randomized into seven groups 
and placed on an adequate stock diet of natural foodstuffs moderatelj' low in iodine.' To 
this diet were added varying amounts of cither PTU or TU (Table 1), and the animals «ere 
fed their resirective diets utitil the experiment was terminated at the end of four weeks. 

T.vdlc 1. DnrnnssioN or the tuvroid iodide pu.mp by goitrogexs 


Mean 

Treatment Mouse wt.,gm. Thyroid weight T/S t/S acinar cell 

height 


Cont 

rol 


24 

.4+0 

.8 

1 

.70 

±0, 

.12' 

'(4)t 

197 

.3± 

11 

.8 

3.35 

9.5+0.3 

1250 

Pg- 

TUt 

23 

.8+0 

.3 

10 

.72 

-f 2 

.07 

(5) 

119 

.c± 

2 

.5 

20.0 

14.9±0.4 

2500 

Pg- 

TU 

20 

.4+0, 

.8 

18, 

.00 

+ 2, 

.0 

(4) 

140 

.0 + 

11 

.0 

27.3 

13.7 +0.3 

5000 

fig- 

TU 

22 

.9 + 1. 

.0 

11, 

.90 

+ 1. 

.08 

(5) 

191, 

.1 ± 

15. 

.0 

22.9 

14.6 +0.3 

125 

rig- 

PTU§ 

23 

.0 + 1 

.0 

13 

.88 

+ 2 

.00 

(5) 

119, 

.o± 

13 

.2 

16.5 

17.5±0.4 

250 

Mg- 

PTU 

23 

.9 +0 

.8 

17 

.40 

±2 

.24 

(5) 

132 

.8 + 

0 

.5 

23.2 

10.9+0.3 

500 

Mg- 

PTU 

23 

.4 ±0, 

.0 

15, 

.30 

+ 2. 

.20 

(5) 

108. 

.9 -f 

9, 

.3 

25.1 

lC.S+0.2 


range 

* Standard Error of the iMean=- (8) 

No. of Animals 

t Number of animals, 
j Thiouracil/gm. diet. 

§ Propjdthiouraeil/gm. diet. 


Received Januaiy 24, 195S. 

' Tlie composition of the Morris moderatelj" low iodide diet No. 77 is as follows. 


Skim milk 

Ground whole wheat 
Dehydrated brewer’s j"east 
NaCl 

Ferric citrate 
Cod liver oil 
Corn oil 


22.75% 

61.25% 

4.00% 

1.40% 

0.13% 

0.50% 

9.70% 


100 . 00 % 

A modified version of this diet No. 77-A in which the cod-liver oil was replaced bj 
vitamin A and D coneentration in corn oil contained bj" analj’sis 0.75 + 0.039 gg- o 
iodine/gni. of diet (0). 
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The T/S was determined as described bj’ Halmi e( al. (3). Forty-five minutes after 
the acute blocking dose of 1.0 mg. PTU per mouse, the mice received 1 pc of I’®' injected 
subcutaneously on the back in the region over the pelvis. The animals were killed be¬ 
tween 60 and 90 minutes after the was administered. The planchct technic of Vander- 
Laan and Greer (2) for determining the !’« content of thyroids and scrum was used. 
The radioactivity was determined by means of a Geiger-Mullor covmtcr. The T/S was 
calculated from the ratio of radioiodide per 100 mg. thyroid tissue to the radioiodide per 
0.1 ml. serum. The t/S was calculated from the ratio of radioiodidc per total gland to 
the radioiodidc per 0.1 ml. of serum (6) or t/S = T/SXtotal gland weight/100. 

The thyroids were dissected under a binocular microscope at 9X magnification and 
weighed immediately on a Roller-Smith torsion balance. Radioactivity was determined 
on one lobe. The other lobe was fixed in SUSA, embedded in paraffin, and sectioned at 
5y for histological examination. One cell was selected for cell height measurement from 
each acinus that appeared to be sectioned through the center. The sections were pro¬ 
jected on a screen and in each section the acinar height of 20 cells was measured. 

RESULTS AND DISCUSSION 

The data in Table 1 indicate that PTU and TU had an effect on mouse thyroid 
weight and acinar cell height similar to that seen in the vat. The effect of these drugs 
on mouse thyroid function when the T/S is used as the measure was dissimilar. Com¬ 
pared with the controls both PTU and TU depressed the T/S at low dose levels. At 
the highest dose level TU was less effective than the lower doses in stimulating thyroid 
growth and there was no depression of T/S. PTU caused a progrossiv^e increase in T/S 
as the dose increased. 

Halmi (7) has suggested that the t/S is a more reliable index of iodide pump ac¬ 
tivity than the T/S especially when gland weights are greatly different. The t/S cal¬ 
culation applied to the data of Scow and Greer (5) indicates that the iodide pump ac¬ 
tivity per gland increases with increased gland weight (7). Table 1 shows the t/S and 
T/S for the present data. In the mouse the mechanism reisponsible for iodide accumula¬ 
tion does not Increase at the same rate that thyroid weight increases. As a result T/S 
decreases while t/S rises. From the point of view of the whole animal, the t/S is a 
more meaningful index of thyroid function than is the T/S which reflects the functional 
status of a unit quantity of the gland. 

H. J. Lipner,^’’ Billie P. Wagner,^ Harold P. Morri.s' 
National Institutes of Health 
Bethesda, Maryland 
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LIMB REGENERATION IN THE SALAMANDER, TRITURUS VIRIDESCENS 
AFTER LARGE INFJ’IAL AND DURING PROLONGED SMALLER 
INJEC^ITONS OP CORTISONE ACETATE* 

ABSTRACT 

A study of (he cITect of fortisono on limb regeneration was made with the sala¬ 
mander, Trihirus viridcereri.t. One group of 50 animals was given a large initial dose 
of 4000 /jg of cortisone acetate at the time of amputation of the left foreleg, A second 
grou]) of 50 animals was given small doses of cortisone acetate over a period 3 to 4 
weeks at. the rate of 1000 pg i)er injection every two daj’s until a total dosage of 
12,000 ng was attained. 

Blastema formation was delayed from 2 to G days after which regeneration was 
normal in compari.son to the controls. Neither epithelium nor connective tissue 
growth were iniiil)ited after tlie formation of the blastema. 


Tlie inliibition of growtli of connective tissue in general by cortisone has been dem¬ 
onstrated by numerous investigators, and its .selectivit.v for mesench^-mal tissue acknowl¬ 
edged. The study of wound healing following mechanical injury to the skin in cortisone 
treated laboratory animals was the method of investigation most frequcntlj' used (1, 2, 
3). Local thinning of the epidermis and dermal connective tissue results following ap- 
})lications of cortisone to areas of the rat neck (4, 5, 0). Parenteral administration of 
adrenocorticotropin also cairses thinning of the riermal connective tissue (7). 

This study was undertaken to determine the effect of cortisone on limb regeneration 
in the salamander. The fact that this investigation is concerned with a cold-blooded 
vertebrate should not be ignored. It is not to be assumerl that results obtained by re¬ 
search on mammals can necessarily be e.vtrapolnted directly to the cold-blooded verte¬ 
brates. 


MATKUIAL AND MICTIIODS 

Adult Triiurus viridcsccne maintained in the laboratory in a specially designed aquarium 
(8), were employed in this study. The e.'cperimeiital animals were divided into two groups of 
50 adult animals each. In addition there were 25 control animals in each e.xperiment. 

The first group were given a large initial dose of cortisone acetate at the time of amputa¬ 
tion of the left foreleg. The amount of the dose was 4 mg. (4000 gg.) in a saline suspension. 
Twenty-five controls were given only the .saline base. 

The second group received a total dosage of 12 mg. (12,000 u&.) of cortisone acetate 
over a period of 3 to 4 weeks after aminitation of the left foreleg. One mg. was given every 
two days. The 25 controls received only the saline base in the same amount and at the same 
time as the c.xperimentals. All injections were given intraperitoneally. 

The regenerates studied histologically were fixed in 10% formalin and serially sectioned 
at 8 microns. The sections were stained with Mallorj-’s stain. 

RESULTS 

In the first group four animals died a few daj's after the injection. About 75% of 
the remaining 46 animals showed a retardation in the formation of the blastema as 
compared to the controls. This retardation varied from 3 to 6 days. After 4 to 6 weeks 
no differences could be detected between the size of the regenerates of the e.vperimental 
and control animals. 

Although there was a delay of 3-6 days in blastema formation of experimentals in 
comparison to the controls, regeneration proceeded normall}", and the resulting re¬ 
generates were equal in size to those of the controls. Histological studies did not reveal 
an 3 r suppression of connective tissue growth. 

Several experimental animals in the second group showed an earl}’^ necrosis of the 
stump, but all were normal in a few weeks. About 50% of the experimental animals 
showed a delaj' of about 2 to 3 daj^s in formation of the blastema. No difference could be 
detected after 6 weeks in the regenerating capacities of the experimental animals m 
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Fig. 1 

comparison with the controls. Cortisone failed to suppress the growth of connective or 
epithelial tissues as was the case in the first c.vperiment. 

DISCUSSION 

The results of this study indicate that cortisone docs not inhibit growth of amphibian 
tissue as depicted by regeneration in the salamander. Comparable results were obtained 
by Manner (9) with a small daily injection of cortisone acetate (0.005 mg.). His study 
was concentrated on the early stages of regeneration, and reported a delay in blastema 
formation of about 4 days. 



Fig. 2 
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The present study indicates tliat the salamander will tolerate a high dosage of corti¬ 
sone without untoward effects on its regenerative capacities. There is, however, a thin¬ 
ning of the epidermis in the wound area (9) which does not persist after blastema for¬ 
mation, even though injections may be continued beyond that point. 

David D. Williams 

Deparhnent of Anatomy 
Stritch School of Medicine 
Loyola University 
Chieago, Illinois 
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THE INFLUENCE OF GELATIN IN THE ASSAY OF PURIFIED 
PARATHYROID EXTRACTS 

ABSTRACT 

Parathyroid e.vtracts purified by solvent distribution appeared to have lost 
activity when assayed in calcium-depleted, parathyroidectomized rats. The addi¬ 
tion of gelatin as a vehicle to those extracts almost completely restored their original 
potency in a 4-hour test; there was little effect at 8 , and none at 24 hours. AAOien 
gelatin was added to Parathyroid Extract, U.S.P. (Lilly), no increase in potency 
was observed. 

The potentiating effect of the vehicle with purified preparations might be ex¬ 
plained I 13 ' delaj^ed absorption from the injection site. 

During studies on the fractionation of parathyroid extracts it was found that ac- 
tivit.v seemed to be lost during tlie course of purification. Previous observations with 
purified corticotropin (1) suggested that rate of absorption might be a factor and that 
the addition of gelatin as a vehicle might increase the apparent potenej^ of the purer 
materials. Moreover, Rasmussen and AA'^estall, using a different assay method, reported 
a shortened duration of action of a partially purified preparation (2). They further 
found that the activit}' of their material was prolonged b}' suspension in arachis oil. 
This report concerns the influence of gelatin as a vehicle in the assaj" of partially puri¬ 
fied parathyroid hormone. 


MATERIALS AND METHODS 

The extract used in the experiments reported here was prepared b.y butanol extraction of 
Parathyroid Extract U.S.P. (LilljO dissolved in 1% NaCl- 6 % acetic acid (3). After adding 
one-half volume of water the butanol was removed under reduced pressure at 60 L in a 
rotatorj"^ evaporator. The activitj' was then precipitated from aqueous solution with -/o 
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Parathyroid extract, 
'U.S.P. 

Parathyroid extract, 
U.S.P. 
plus gelatin 

Group 

Number animals 

Average log dose (12.5 U.S.P. units) 

Average response Serum Ca (mg./lOO ml.) 
Slope 

Combined slope 

Potency of G compared to A 

A 

15 

1.0909 

10.27 

3.1157 

G 

15 

1.0969 

10.07 

2.8895 

3.002G 

86% 

(50-210% at the 95% 
significance level) 


trichloroacetic acid. Following conversion to the acetate form with an ion-exchange resin, 
the material was diluted vith weak acetic acid to the appropriate concentration for assay. 
Gelatin, when used, was added to the assay dilutions as an equal volume of a 30% solution. 
All fractions were administered subcutaneously at equal final concentration of activit 3 ' in 
0.2 to 0.8 ml. volumes. A modification of the bioassaj' of Munson (4) was used; eightj'-gram 
male rats were fed a calcium-deficient diet for four daj's and then parathj’roidectomized and 
injected immediately with the assay material. The small variation of bodj’ weight of the 
rats was neglected. Samples of sera obtained four hours after parathj’roidectom.y were as- 
saj’ed for calcium using alizarin (5). Parathj’roid Extract, U.S.P., was used as the bioassaj' 
standard in all cases. Residts of assay's were analj’zed according to Irwin (G). 

RESULTS 

A three-dose comparative assay of Parathyroid Extract, U.S.P., in gelatin solution 
against the same material without gelatin showed no significant difference in potency 
(Table 1). However, the vehicle great!}' enhanced the effect of the material prepared 
by butanol e.xtraction. Figure 1 represents the results of a two-dose assay comparing 
this partially purified substance with and without gelatin against the standard in gelatin. 
The diminished responses and slope produced by the gelatin-free preparation fell below 
the assay range. Thus, these results could not be compared on a bioassay basis, but a 
“t” test showed the difference in response between the purified preparation alone and 



Fig. 1 . Two-dose assay comparing par¬ 
tially purified parathyroid extract alone 
□—□, and in gelatin •—•, vs. Para¬ 
thyroid E.xtract, U.S.P., in gelatin o—O. 
Each point represents the mean value 
(±S. E.) obtained from 5 animals. 



Fig. 2. Concentration of calcium in sera 
of rats parathyroidectomized at time zero 
and injected immediately with partially 
purified extract alone O— O, or with gela¬ 
tin added •—•. The points represent 
the mean value (± S. E.) using 5 or 6 rats 
per group. The control group □—□, was 
parathyroidectomized, but not injected. 
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the purified preparation in gelatin to bo highly significant (p= <.05 for the 5 unit dose- 
p= <.001 for the 20 unit dose). 

The influence of gelatin as a vehicle on the ability of this preparation to prevent the 
fall in concentration of calcium in the serum of the assay animals is shown in Figure 2. 
Each injected rat received the equivalent (approximately 0.2 mg. dry weight) of 20 
units of the starting material. The animals were allowed a normal diet after eight hours 
in an attempt to prevent death from hypocalcemia. Nevertheless, two of the five con¬ 
trol animals died before eight hours, and a third before twenty-four hours following 
parathyroidectomy. Addition of the vehicle to the extract caused a significant difference 
in the concentration of calcium in the sera four hours following parathyroidectomy and 
injection (p= <.05), but at eight hours and bej'ond the differences were not significant. 

DISCUSSION 

The addition of gelatin as a vehicle almost completelj" restored the apparent loss of 
activity of the material studied here. A similar effect has also been found when assaying 
fractions prepared bj’- paper chromatograph}^ These observations, in addition to those 
of Rasmussen and Westall, suggest that admixture with appropriate vehicles is neces¬ 
sary in following the course of purification of this hormone. 

The mechanism through which gelatin potentiated the action of partially purified 
extracts was not elucidated. Perhaps the enhanced effect was due to slower release of 
the hormone from subcutaneous tissues. Such an explanation is supported by j\Iun- 
son’s conclusion that the hormone has a short life vi vivo (4). The large amount of inert 
protein in Parathyroid Extract, U.S.P., may act in a similar manner. Thus, when gela¬ 
tin was added to that material, no increase in potency was observed. However, pre¬ 
vention of inactivation in dilute solutions, or prevention of adsorption to glass, might 
have contributed to the observed effect. 

Preparations of higher purity isolated by countercurrent distribution sustained 
greater losses of activity which wore not completely restored by the adjuvant (3). The 
cause of this further apparent inactivation was not found. 

G. D. Aurbach* 

From the Ziskind Research Laboratories 
A^eiv England Center Hospital 
and the Department of Medicine 
Tufts University School of Medicine 
Boston, Massachusetts 
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PREVENTION OF ADRENAL-REGENERATION HYPERTENSION 
BY AN ALDOSTERONE-BLOCKER 

ABSTRACT 

Chronic treatment of rats witii the aklosterono-Woeker 3-(3-oxo-17^-hyclroxy- 
4-androsten-17a-yl) propionic acid -)-lactone prevented adrenal-regeneration hyper¬ 
tension and the accompanying cardiac h}'pertrophy. Unaffected were; mortality, 
body weight, saline intake, renal and adrenal hypertrophy. 

A steroidal lactone was recently described (1) that was found to antagonize the renal 
excretory effects of mineralocorticoids in laboratory animals (2, 3) and man (4). This 
compound was also found to have a hypotensive action in metacorticoid hypertensive 
rats and to prevent the pressor action of desoxycorticosterone acetate in saline-fed rats 
(5, 6). It was therefore of interest to determine the ability of the steroid to prevent the 
induction of adrenal-regeneration hypertension in rats, a disease that may be due to 
hyperreactivity to aldosterone (7). This condition can be prevented or reversed by ad¬ 
renal depression with Amphenone (S). 

MATUniAL AND METHODS 

Twenty-four, female, Sprague-Dawley rats, 20 days old, were subjected to a one-stage 
right adrenalectomy, right nephrectomy, and left adrenal enucleation, following Skelton’s 
procedure (9). They were offered Rockland Rat Diet and 0.80% sodium chloride solution 
ad libitum and, 2 days post-operatively, half of the rats received subcutaneous injections of 
3-(3-oxo-17P-hydroxy-l-androsten-17a-yl) propionic acid -y-lactone (SC-52331 and the other 
half received equivalent volumes of the propylene glycol solvent. SC-5233 dosage was 
20 mg./kg. twice a day on weekdays and 40 mg./kg. once a day on weekends for 8 weeks. 
Once a week, blood pressures (10), body weights, and fluid intakes were measured; the 
whole experiment was conducted in a rigidly-controlled “blind” fashion (11). Statistical 
procedures were based on the rank-sum test (12); standard errors are listed onlj’ to indicate 
degree of variabilitj'. 

RESULTS AND DISCUSSION 

Chronic treatment with SC-5233 prevented the rise in blood pressure and the cardiac 
hypertrophy without appreciably affecting mortality, body weight, spontaneous saline 
intake, or renal and adrenal hypertrophy (Tables 1, 2). It is tempting to postulate that 


Table 1 






Weeks of treatment 




SC-5233 group 

1 

2 

3 

4 

5 

6 

7 

S 

No. rats 

B/ood piess., inni. 

Body \\t., gm. 

NaCI intake, nil./rat/day 

12 

148+2 
106 + 3 

45 + 3 

12 

142 + 2* 
133 ±2 
62±4 

12 

152 + 2t 
160 + 2 

67 + 4 

12 

159+It 
179 + 4 

64 ±4 

11 

159±1§ 
182 ±7 
64±4 

n 

lC0 + 2t 
183 + 7 

60 ±7 

10 

I53±3 
213± 11 
70 ±6 

9 

153 + 2§ 
217+ 10 
59±5t 

Placebo group 


No. rats 

Blood press., mm. 

Body \vt., gm. 

NaCl intake, ml./rat /day 

12 

152 + 2 
107 + 3 
54+6 

12 

149 ±2 
136 ±2 
68±6 

12 

161 ±2 
161 + 2 
75±7 

12 

165±2 
174 + 6 

65 + 6 

12 

17l±2 
174 ±8 
70±9 

11 

175±1 
185±12 
85 + 6 

10 

166 ±2 
209 ±5 

86 + 6 

9 

170 ±1 
208 + 5 

82 + 5 


Means + standard error's. 

• P <0.02, tP <0.01, §P <0.001. 


Table 2 


Group j 

Organ 

weights+S.E., mg./lOO gm. 

Mortalit 3 ’ 

Adrenal 

Kidney Heart 

SC-5233 
Placebo 1 

1 

20+2 

20 ±2 

740 ±27* 274 +Ilf 

843 ±50 378+22 

3/12 

S/12 


P=0.13, tP<0.001. 


Received June 13, 1958. 


300 


NOTES AND COMMENTS 


Volume 64 


SC-5233 acted interfering competitively with tlie mineralocorticoids secreted by the 
regenerating adrenal. However, it is quite possible that the blood pressure effects of the 
compound arc independent of its blocking effect on the renal excretory actions of min¬ 
eralocorticoids. This was suggested by the observations that the 19-nor derivative of 
SC-5233, though a more potent lilocker at the kidney level (2, 3), lacked the hypotensive 
action of SC-5233 in mctacorticoid hypertension (5, 6), a disease that is initiated by 
corticoid-sodium overdosage but that soon becomes self-sustaining. With other renal 
blockers as well, including steroids with and without the lactone configuration, there 
has been a general lack of correlation between hypotensive action and the ability to 
block the electrolyte excretory patterns produced by mineralocoticoids. Therefore, it 
is not possible at this time to suggest a mechanism for the effect of SC-5233 on adrenal 
regeneration hyiiertension. 

F. M. Stuutevant’ 


Division of Biological Research 
G. D. Searle <£ Co. 

Chicago SO, 111. 
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LIPID DEPLETION OF THE ZONA GLOMERULOSA OF THE RAT 
ADRENAL CORTEX AFTER ADMINISTRATION OF 
9-ALPHA-FLUOROHYDROCORTISONE‘ 

ABSTRACT 

Nine-alpha-fluorohydrocortisone is physiologically ambivalent, acting as a po¬ 
tent glucocorticoid and mineralocorticoid. Administration of 0.25 mg. of this ma¬ 
terial per 100 gm. of body weight, subcutaneously, 3 times weekly, for 7 weeks to 
young and old, female, Sprague-Dawley rats caused selective lipid depletion of the 

Received Julj' 15, 1958. 

1 This study was supported by a grant (H-2730) from the National Heart Institute, 
National Institutes of Health of the U. S. Public Health Service. 



February, 1959 


NOTES AND COMMENTS 


301 


zona glomerulosa. This lipid-depleting effect of O-alpha-fluorohydrocortisone was 
practically identical to changes induced m rats given desoxycorticosterone acetate 
However, the younger rats required the “conditioning effect of exogenoiis AO ill 
dven with the" 9 -alpha-fluorohydrocortisonc before the glomerulosa hpid-depleUng 
effect could take place. These results arc interpreted to mean that, in the rat, the 
mineralocorticoid activity of " ' ’ " ' ’ ' ' 

zona glomerulosa of the adrei ' effect. The results 

also suggest that ACTH may have some conditioning effect on the responsiveness 
of the secretory activity of the zona glomerulosa in the rat. 


The zona glomerulosa of the adrenal corte.x secretes mineralocorticoids, e.g., aldo¬ 
sterone, desoxycorticosterone (1). High levels of desoxycorticosterone-like steroids (2), 
changes in sodium levels (3) and hypertensive vaseular disease (4) have been associated 
with changes in the width or lipid content of this zone. Changes in the zona fasciculata 
have been correlated with circulating levels of the glucocorticoids (5). The morphological 
and functional implications of these cortical zones have been reviewed by Creep and 
Deane (5). Aldosterone excretion is augmented in congestive heart failure (6), eclampsia 
(7), nephritis and nephrosis (8), ascites (9) and hypertension (10). For this reason it 
would be important to learn more concerning the specific functional roles of the zones 
of the adrenal cortex, what controls them, and how they respond to exogenous and 
endogenous stimuli. 

A recently prepared synthetic analogue of hydrocortisone, 9-alpha-fluorohydro- 
cortisone has been demonstrated to possess a most unusual type of activity, i.c., it is a 
potent glucocorticoid (11-13) and at the same time, equal to or more potent than aldo¬ 
sterone as a mineralocorticoid (14-16). While studying this compound we encountered 
some unusual effects on certain endocrine organs. The most striking effect was on the 
zona glomerulosa of the adrenal which is reported here. 

MATERIALS AND METHODS 

This work is taken from a larger study, to be reported later, in which 21-day-old and 12 
month-old female, Spraguc-Dawley rats were unilaterally nephrcctomizod, and treated with 
a variety of steroids. Regular rat chow (Rockland) was fed and no saline was added to the 
drinking water. Nine-alpha-fluorohydrocortisone- (in saline) was given ns 0.26 mg./lOO gm. 
of body weight (b.w.), subcutaneously (s.c.), three times weekly to both the young and old 
rats. Similarly, cortisone (2.5 mg./lOO gm. b.w., s.c.) and desoxycorticosterone acetate 
(DCA) (2.5 mg./lOO gm. b.w., s.c.) were given separately to animals on a similar regimen. 
Additional groups of young and old rats were given the above dose of 9-alpha-fluorohydro- 
cortisone in conjunction with j unit of ACTH (gel)/100 gm. of b.w., s.c., three times weekly. 
After 7 weeks of treatment the animals (12 animals per group) were sacrificed. Adrenal 
glands were fi.xed in 10% neutral formalin, sectioned on a freezing microtome at 10 u, and 
stained for lipid content with Sudan orange (hemato.xylin coimterstain) and Sudan black B 
(Mej’er’s carmalum coimterstain). 


RESULTS 

The vert- potent glucocorticoid effects of 9-alpha-fiuorohydrocortisone were demon¬ 
strated by the severe involution of the thymus and spleen in both young and old ani¬ 
mals. However, loss in bodj- weight and adrenal atroph}- were not marked. IMineralocor- 
ticoid effects were manifested by the development of severe hypertension, kidney dam¬ 
age, and increased heart size. Severe arteriosclerosis was found in the aortae of the older 
rats (to be reported). This may, or may not be a manifestation of mineralocorticoid 
activity. Concomitant with the above changes there was complete and selective deple¬ 
tion of the lipid material in the zona glomerulosa (Fig. 3) in all of the older animals 
receiving this hormone. The lipid depletion of the zona glomerulosa produced by 9- 
alpha-fluorohydrocortisone resembled similar depletion in rats given DCA. However, 
an intere sting age factor appeared to be operative in the zona glomerulosa response to 

= e are indebted to Dr. Henry A. Strade of the E. R. Squibb Company for a gift of 
9-alpha-fiuorohydrocortisone. 
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Fig. 1 Arlrcnalcorte.xof non-trcatecl, 
young, female weanling, Spraguc- 
Dawlcy rat. .411 zones are filled with 
lipid. (Sudan black B, 10 g, X50.) 

Fig. 2. Complete, selective depic¬ 
tion of the zona glomorulosa of a 
young, female weanling given 0.25 mg. 
of 9-alpha-fluoroliydrocortisoue and ^ 
unit of ACTH (gel) per 100 gm. body 
weight, subcutaneously, once daily, 
every other day, for 7 weeks. (Sudan 
black B, 10 p, X50.) 

Fig. 3. Lipid depiction of the zona 
glomerulosa of a j’ear-old, female 
Spraguc-Dawlej’’ rat given 9-alpha- 
fluorohydrocortisone only (same dose 
as in Fig. 2). Note greater hypertro¬ 
phy of cortex in older animal. (Sudan 
black B. 10 p, X50.) 
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9-alpha-fluorohydrocortisone. All animals, young and old, given DCA showed lipid 
depletion of the zona glomerulosa. None of the younger animals given 9-alpha-fluoro- 
hydrocortisone alone exhibited anj' evidence of lipid depletion of the zona glomerulosa. 
If the j'ounger animals were given ACTH in conjunction with the 9-alpha-fluorohydro¬ 
cortisone thej- consistently showed very marked lipid depletion of the zona glomerulosa 
comparable to that seen in the older animals (Fig. 2). In no case (total of 264 animals) 
was this selective lipid-depleting effect on the zona glomerulosa observed except in those 
cases mentioned above. 


DISCUSSION 

The disappearance of lipid from one of the zones of the adrenal cortex usually con¬ 
notes decreased biosynthesis by that zone. In these experiments DCA and 9-alpha- 
fluorohydrocortisone both caused selective depletion of the zona glomerulosa. Cortisone 
produced disuse atrophj' and lipid depletion of the zona fasciculata. It is particular!}’' 
interesting that 9-alpha-fluorohydrocortisone which is “ambivalent” physiologically (11- 
16) showed no histological effects on the zona fasciculata but very dynamic lipid-deplet^ 
ing effect on the zona glomerulosa; this, in spite of the fact that it had marked gluco¬ 
corticoid activity in these same animals, i.e., severe involution of the thymus and spleen. 
This selective histophysiological effect by 9-alpha-fluorohydrocortisone on the zona glom- 
erulosa is more in keeping with clinical experience which has shown it to be equal to or 
more potent than aldosterone (14-16). These histological results conflict with certain 
physiological studies which demonstrated that 9-alpha-fluorohydrocortisone shows little 
sodium-retaining activity in the rat but produces marked sodium retention in other 
species such as dog and man (13). 

It is interesting that 9-alpha-fluorohydrocortisone did not cause lipid depletion when 
given alone to the younger rats. However, the fact that it did cause lipid depletion of 
this zone when given in conjunction with ACTH is provocative. In 1955, Wexler and 
Rinfret (17), reported that, “certain, but not all species of ACTH will specifically de¬ 
plete the lipid in the zona glomerulosa of the rat.” On the basis of these histological 
observations they suggested that aldosterone and aldosterone-like steroids may be re¬ 
leased under the influence of ACTH. Venning et ah, (IS) have recently shown that in 
vitro preparations of rat adrenal do produce increased amounts of aldosterone in re¬ 
sponse to certain ACTH preparations. It might well be that the older rats responded to 
the mineralocorticoid effects of 9-alpha-fluorohydrocortisone because of higher circulat¬ 
ing levels of ACTH which “conditioned” the zona glomerulosa to the mineralocorticoid. 
On the other hand, younger rats having a lower titre of circulating ACTH could not 
respond to the 9-alpha-fluorohydrocortisone until exogenous ACTH was introduced. 
The well known pituitary ACTH-suppressing effects of 9-alpha-fluorohydrocortisone 
(19-21) may also have been operative. 
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A MODIFICATION OF THE BATES-CORNFIELD BIO-ASSAY 
FOR THYROTROPIN>-= 

ABSTRACT 

Day-old chicks with low thyroidal uptake of radioiodine were used in the Bates- 
Cornheld bio-assaj' for thyrotropin. This was made possible by introducing an 
easily available correction factor for the circulating e.xtrathj'roidal radioactivity. 

It was concluded that the dose-response curves obtained bj' this method compare 
favorably to those obtained by the original method. 

The method of Bates and Cornfield (1) is one of the few current methods that may be 
useful in the determination qf thjwotropin (TSH) in human blood. This method is de¬ 
pendent on the use of chicks with a high uptake of P®', and they are not easil}" available. 
A modification has therefore been worked out that permits the use of chicks with a low 
uptake of radioiodine. 

Received July 21, 1958. 

1 Abridgment of portion of thesis submitted bj"^ Dr. Frey to the Faculty of the 
Graduate School of the University of Minnesota in partial fulfillment of the require¬ 
ments for the degree of Mastpr of Science in Medicine. 

^ The radioisotopes used in the studies reported on in this paper were supplied by the 
United States Atomic Energy Commission. 
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MATERIAL AND METHODS 

Plymouth White Rock chicks of mixed sexes were used. They were received on the day 
of hatching and were given I”' on arrival. They were kept at 35° C in brooders housing 50 
chicks; thev had free access to tap water but were starved routinely. 

Solutions of propylthiouracil (PTU) and th.vroxine were prepared as described by Bates 
and Cornfield (1). The daily dose per chick was 8 gamma thyroxine and 0.5 mg. propylthi¬ 
ouracil. The thyrotropin ukd was Armour’s Lyophilized Thyrotropin, lot No. R 491075. 
Serial dilutions of thyrotropin were prepared immediately before use in 0.1% ovalbumin. 
The radioiodine used was carrier-free, pyrogen-free sodium iodide'”. The dose administered 
(1 to 5 nc.) was too small to cause any significant radiation damage to the thyroids of the 
chicks (Skanse [2]), and the birds used in the experiments have subsequently grown to be 
normal adults. The radioiodine was injected subcutaneously in the nape of the neck in a 
volume of 0.2 cc. Whole body counts immediately after injection on several occasions showed 
that the whole dose was retained. Injections of solutions of thyrotropin and of thyroxine 
also were done in the same way and at the same site. 

A well-type scintillation crystal, connected to a scaler, was used for determination of 
radioactivity. Best results were obtained b 3 ’ using a lead collimator 1 inch in thickness with 
a hole in the center 1 inch in diameter. The lead collimator was covered by a thin aluminum 
plate with a center mark. The chick was held in one hand, breast down, with the sternal 
notch above the center mark. Firm pressure maintained a constant distance to the cr^'^stal. 
The bird usually remained quiet during the procedure. The reproducibilitj' of this counting 
method was +7%. On counting over the tail, the chick was pushed headwards as far as 
possible with the 1-inch hole still covered b.v the tail. 

RESULTS 

Figure I shows the effect of introducing the “tail count” as a correction factor for 
the extrathyroidal radioactivity in the neck (the “bod)' background”). The difference 


Fig. 1. Neck, tail and thyroid counts at 
various intervals after injection of I'”. 



between the count obtained over the neck and the count obtained over the tail may be 
taken to represent the true thyroidal radioactivity, that is the “thyroid count.” The 
relative constancy of the thyroid count will enable one to use this count as a baseline 
which is largel)' uninfluenced b)' changes in extrathyroidal radioactivity. 

In Figure 1 the neck, the tail and the thyroid counts for each chick are expressed as 
percentages of the count for each category obtained 24 hours after the injection of I‘”. 
Each point on the curve represents the mean value for 20 chicks. Propylthiouracil and 
thyro.xine were administered in the usual doses every 24 hours, starting 24 hours after 
the injection of P”. 

It is apparent from Figure 1 that the curve for the thyroid count shows a slower fall 
than the curve for the neck and the tail counts. The 24% loss from the thyroid over a 
5-day period conforms well with the loss of radioactivity from the blocked thyroid as 
determined by removal and direct counting of the glands (loss of 5% per day). 

In trying to estimate how representative the tail count is for the extrathyroidal count 
in the neck, day-old chicks were given 0.5 mg. of propylthiouracil and 8 pg. of thyroxine 
lours and again 1 hour before the injection of P’h The effectiveness of propylthiouracil 
an lyroxine in preventing uptake of radioiodine by the thyroid was demonstrated by 
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Fig. 2. Three close-response curves 
for thyrotropin. 


killing some of the birds 24 hours after the 
injection of I'-''' and determining the up¬ 
take of !'•’' by the thyroids. The glands 
showed a negligible uptake of I'^'. Counts 
were made over the neck and the tail 3, 6, 
12, 24, 48, 72 and 92 hours after the injec¬ 
tion of I'^*. The counts showed a parallel 
fall with a ratio of tail count to neck count 
varidng sliglitl}' around O.SO. This indi¬ 
cated that the tail count at all times repre¬ 
sented an 80% correction for the e.xtra- 
thyroidal radioactivity in the neck.^ 

The influence of the backscatter from 
the thyroid on the tail count was found 
negligible, as proved by c.vperimcnts using 
varying doses of I”' applied externally with 
adhesive tape over the thyroid. 

'J'he tail count was found to be an easily 
available and fairly accurate correction 
factor for the body background, and assaj’s 
were carried out by means of the technic 
of Bates and Cornfield (1). The chicks ar¬ 
rived in the evening and were given on 
arrival; the first reading was obtained in 
the morning 36 hours later. This reading served as the 100% value for each chick. The 
chicks were not selected according to body weight or thyroid uptake but they were 
picked at random with 7 to 8 chicks per dose. After the initial reading, thyrotropin was 
given in divided doses, one injection daily for 3 days. On the fourth day only a count 
was done; it was e.xprcsscd in per cent of the initial reading after correction for physical 
decay of the isotope. Figure 2 shows the dose-response curves obtained on three con¬ 
secutive weeks in July, 1957. Each point represents the mean thyroid count for each 
dose level. Figure 2 gives the regression lines, slope and index of accuracy for the three 
assays. 

COMJIENT 

The three curves differ slightly in their characteristics. This is parti}" artificial, 
because the curves reach an asymptote before the dose of 100 milliunits (U.S.P-) of 
thyrotropin. Therefore, when the dose of 100 milliunits is included in the computation 
of the regression line, the slope will be artificially lowered. This factor is especially 
prominent in assay No. 1. For the three assays, the slopes were —30,,—44 and —51; the 
X values were 0.36, 0.26 and 0.20, respective!}". 

3 As was pointed out in the text, the tail count represents the general level of m 
the tissue. Plowever, a few chicks have a disproportionately high tail count on the initial 
reading, probabh" due to accumulation of radioactive material in the excretory organs. 
These animals were excluded for assay purposes if the ratio of neck count to tail count 
on the initial reading was less than 3:1. About 10% of the animals do not meet this re¬ 
quirement. 
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Only minor variations in animal sensitivity were encountered from week to week in 
July. However, at least a tenfold variation in animal responsiveness occurs. Thus in the 
late fall months the extinction-point was higher than 10 milliunits, while in February, 
1958 it was 0.3 milliunit. The curves jmesented compare favorably with the original 
method of Bates and Cornfield.^ Sensitivity, accuracy and range are almost identical. 
The slope may be higher in the original method, but, considering tlie artificially lowered 
slope in the curves presented here, this difference is not so great as to be of practical 
importance. 

Har.4ld i\I. Fnin’^ and A. Albert'’' 

Mayo dime and Mayo Foundation 
Rochester, Minnesota 
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* The original method of Bates and Cornfield requires chicks with an average thyroid 
uptake of radioiodine of at least 20 per cent of the dose. The chicks used in the present 
study had an average 24-hour uptake from May to October of 8%. It is obvious that in 
chicks with a low uptake the extrathj-roidal radioactivity in the neck will influence the 
neck count to a disturbing degree. But this also may hold true for chicks with a high 
uptake. Thus we did not find any correlation between the radioactivit 3 ’ in the thr-roid 
and the radioactivity in the rest of tlie chick (called the “carcass”) when counts were 
made separately 24 hours after the injection of I"”. Even chicks with a relativel.v high 
thyroidal uptake (in e.xcess of 20%) might have retained more than 40% of the dose in 
the carcass. Therefore, the extrathyroidal radioactivitj' ma.y have to be taken into con¬ 
sideration even in a chick with higli thj’roidal uptake. 

® Fellow in iMedicine, Maj’O Foundation. 

** Endocrinologj" Laborator.v, Section of Phj-siology. 


AN EFFECT OF VASOPRESSIN ON RENAL IVEIGHl 
ABSTRACT 

It has been found that the administration of “Pitressin” or s.vnthetic lysine 
vasopressin will bring about an increase of the weight of kidnej's of h.ypophysecto- 
mized rats. .4n effect was noted with as little as 10 milliunits of s)mthetic lysine 
vasopressin. Normal rats and operated control or saline injected hj'pophj'secto- 
mized rats did not respond with a change in renal weight. 

hlalc Sprague-Dawley rats about 6 months in age were used in the study. The h.ypo- 
l)ln-sectomized rats weighed 100-150 gm. and were three months postoperative with 
no observed growth response. The hormone preparations were “Pitressin” (Parke, 
Davis) and synthetic Ij'sine vasopressin (LVS*) supplied by Dr. Vincent du Vigneaud. 
The animals were anesthetized with ether (identical results were obtained with chlora- 
lose), one kidnej- was removed and the hormone preparation was administered in the 
tail vein in 0.1-0.3 ml. saline. After one hour, the remaining kidnej' was removed, the 
organs were freed of connective tissue, blotted on a filter paper and weighed. 

result.s and discussion 

The increases of kidney weight versus dose of administered hormone are shown in 
Figure 1; six animals were used for each of three of the points. The average deviation 


Received August 11, 1958. 
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was less than 4%. At the dosage of 60 inilliunits (tlie third point) 16 hypophysectomized 
rats were tested. At this level the average increase was 13.3% and the average deviation 
from this average was +4.6%. In a group of 9 normal rats of the same strain and age 
receiving 600 inilliunits of vasopressin the increase was 0.3+ 3.6%; in a group of 6 
saline-injected hypophysectomized rats, the change of renal weight was —1.2+ 2.8%. 
At higher levels of vasopression (2000 and 3000 milliunits) the increase in renal weight 
at one hour approximated 20%; it was not possible to distinguish between these two 
levels. In the lower dosage levels, the difference between 6 and 12 milliunits was not 
easily distinguishable with the small samples. In all 35 control animals, the average 
change in renal weight was 3.2%. 



Fig. 1. Increase in kidney weight 
plotted against log dose (in milliunits) of 
S 3 'nthctic lysine vasopressin-LVS2. 


Some studies were made of the maximallj' stimulated kidnej's (2 units vasopressin); 
the kidneys were homogenized in water and the content of hemoglobin (as oxyhemo¬ 
globin) and of protein (1) was determined. There were no differences noted in the analyses 
of 6 pairs of kidnej's and one must conclude that water was the principal component 
responsible for the gain in weight. The effect would seem to be quite specific; a variety of 
proteins and protein h.vdrolj’satcs injected in amounts of 0.1 to 1.0 mg. had no effect on 
renal weight. It would appear that the effect is sensitive and specific enough to serve as a 
test for moderate amounts of vasopressin. The time relationship has not been investigated 
in detail but easilj^ detectable differences were noted with 60 milliunits at 15 minutes and 
the effects at 30 and 60 minutes were ncarlj'' identical. 

Francis Binkley* 
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Emory University 
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OXYTOCIN AND OXYTOCIC SUBSTANCE IN BLOOD EXTRACTS 
BEFORE, AND FOLLOWING, COPULATION IN SHEEP 

ABSTRACT 

E«-es in natural oestrus showed no increase in the concentration of oxytocin in 
blood extracts following stimulation by copulation. 

There is indirect evidence that, during natural and artificial insemination, oxytocin 
is leleased into the blood from the hypothalamic-postcrior-pituitary complex (1). Milk 
ejection in lactating mothers has been frequently observed in association with coitus, 
and it has been postulated in animals that the powerful uterine contractions induced by 
the stimulus of copulation may assist in the rapid transit of spermatozoa into the 
fallopian tubes. 

To our knowledge no one has actually measured oxytocin in the blood in these cir¬ 
cumstances, so it was decided to investigate the effect of copulation on the blood level 
of oxytocin in sheep. 


METHOD 

Samples of jugular blood (approx. 10 ml.) were taken from 7 ewes (in natural oestrus) 
before, and immediately after, copulation. The blood specimens were then extracted and 
assa 3 ’ed for ox 3 'tocic activit 3 ', o\ 3 ’tocin and ox 3 'tocic substance as previous^' desciibed (2). 

RESULTS AND DISCUSSION 

Table 1 shows that in 7 ewes the total ox 3 'tocic activity of the blood extracts de¬ 
creased in 6 and increased in 1. The clianges observed in ewes 6 and 7 were of doubtful 
significance, and if these are exluded then a fall in total oxytocic activity was registered 


Table 1. Oxytocic activity op acid-alcohol extracts or blood 
(sheep) before, and after, copulation 


No. 

O^ty- 

locin 

Tot. 

activity 

Oxytocic 

siib'itanre 

Tot. 
actJi jty 

Per¬ 
centage 
change 
in total 
activity 

Per¬ 

centage 

change 

in 

oxytocin 

Per¬ 
centage 
change m 
oxytocic 
substance 

Oxytocin 

Owtocic 

substance 

Percentage 

Percentage 

Mu /ml blood 

Before 

After 

Before 

After 

Before 

After 

Before 

After 

1 





*-88 9 

_ 

_ 

*? 9.4 


1 2 


2 





-32 6 

— 

-_ 

— 




3 

0 

0 

100 

100 

-35 3 

0 

-11 8 

0 

0 

0 17 

0 15 

4 

0 

0 

100 

100 

-20 0 

0 

-20 0 

0 

0 

0 25 

0 20 

5 

0 

0 

100 

100 

-16 6 

0 

+10 3 

0 

0 

0 29 

0 32 

6 

0 

Q 

100 

100 

+11 1 

0 

0 

0 

0 

0 45 

0 45 

7 

1 25 

20 6 

98 75 

79 4 

- 7 5 

1500 

-26 6 

0 01 

0 16 

0 79 

0 58 


in all cases. In 5 ewes from whom the blood extracts were assa 3 md for ox 3 'tocin and 
oxytocic substance, the level of o.x 3 Tocin was unchanged in 4 and increased in 1, whilst 
the concentration of ox 3 'tocic substance did not significantl 3 ' increase in an 3 L 

It is interesting to note that, in these experiments on sheep, there is virtuall}' no 
ox 3 'tocin detectable in the blood extracts. In this respect sheep differ considerabl 3 ^ from 
rats (3) since in the latter the concentration of oxytocin is invariably in the order of 
several mu./ml. blood. In sheep the oxytocic activity of blood is almost entirely due to 
the presence in the extracts of o.x-ytocic substance. It is now thought that the latter is 
a pol3'peptide, and that it is not to be confused with such other oxytocic factors as 
oxytocin, potassium, acetydeholine, S-hj'dro.xytry^ptamine, hy^pertensin, vasopressin, 
pepsitensin, pepsitocin, pepsanurin, substance P, pain-producing substance or kinin 
(bradykinin, kallidin, substance U or substance Z). 
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COiMPARISON OF IN VITRO AND IN VIVO .\SSAYING PROCEDURES 
FOR RAT ADENOHYPOPHYSIAL CORTICOTROPHIN' 

ABSTRACT 

The same rat pituitarj’ o.xtraet was concurrcnlly assayed against the same stand¬ 
ard (U.S.P. Reference Standard Corticotropin) by procedures respectively based 
on in intro corticoidogenesis, and on in vivo corticoidogenesis and adrenal ascorbic 
acid depletion. Nearly identical values (20-24 mv. ACTH/mg. fresh tissue) were 
obtained on the basis of in vivo corticoidogenesis and ascorbic acid depletion, 
whereas a markedly higher concentration (G2 mu./mg.) was recorded on the basis 
of in vitro corticoidogenesis. These findings do not support the hypothesis of irming- 
ham ct al. of a higher steroidogenic/ascorbic acid-depicting activity ratio in rat pitui¬ 
tary c.vtract than in the reference statidard. The discrepancy in the results yielded by 
the two types of procedures appears to be related to differences in the nature {in vivo 
or in vitro) rather than in the end-points (adrenal ascorbic acid depletion or stimula¬ 
tion or corticoidogenesis) of the assays. 

Consistently higher values for pituitary corticotrophin concentration in the intact 
rat have been obtained with Saffran and Schally’s in vitro corticoidogenic assaj' (1) 
than with Sayers’ in vivo adrenal ascorbic acid depletion method (2). Due allowances 
being made for the different strains of rats and extraction procedures used by various 
grou])s, the values recorded, in terms of milliunits (mu.) of ACTH per mg. of fresh 
tissue, range from 10 to 38 (3-6) with Sayers’, and from 52 to 241 (7, 8) with Saffran 
and Schallj^’s assay. A mean concenti'ation of 64.6 ±1.8 mu./mg. was recorded b.v one 
of us (9) from one hundred in vitro assays (average X:0.106 + 0.004) of O.lN HCl- 
extracted pituitaries from intact male Sprague-Dawley rats.- 

To account for the discrepancy in the results yielded by the two assaying procedures, 
Birmingham ct al. (7) suggested that the steroidogenic/ascorbic acid-depleting (S/A.4) 
activity-ratio might be higher in native (pituitary extract) than in more purified (Refer¬ 
ence Standard) corticotrophin. The following experiment was aimed at testing this 
possibility by concurrently assaying the same rat pituitarj- extract against the same 
standards, through procedures respectivelj- based on in vitro corticoidogenesis, and on 
in vivo coi’ticoidogenesis and adrenal ascorbic acid depletion. 
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One day prior to assay, the adenohypophyses from two adult male Sprague-Dawley rats, 
killed by decapitation, were quickly removed from the skull, separated from the neural lobe, 
wiped clean of blood, weighed to the nearest 0.05 mg., pooled in a 15 ml. conical centrifuge 
tube containing 0.4 ml. of O.lN HCl, and ground with a glass rod and a few grains of sand. 
The rod was rinsed into the tube with an identical volume of O.lN HCl, and the stoppered 
extract, stored in the deepfreeze. A weighed sample of U.S.P. Roferonco Standard Corti¬ 
cotropin dissolved in O.lN HCl was stored at the same time. On following morning, 
e.xtract and standard were thawed, adjusted to 0.01 normality, and left for two hours at 
room temperature. A four-point-two-dose (DVD- = §) design was used for in vitro and in 
vivo assays. On the basis of previous experiments, the solutions of the standard were re¬ 
spectively adjusted to 100 mu. ACTH/ml. for the in vitro, and to 5 mu,/ml. for the in vivo 
assays; the U- solutions of the extract, to 1.9 mg. pituitary/ml. for the in vitro, and to 0.22 
mg./ml. for the in vu'o assays. Aliquots of 0,3 ml./lOO mg. adrenal were used in the in vitro, 
of 0.3 ml./lOO gm. B.W., in the in vivo assays. 

The in vitro assays were performed by the technique of Saffran and Schaily (1). The 
in vivo assays were based on the a) adrenal ascorbic acid, b) adrenal corticosteroid, and c) 
plasma free-corticosteroid responses of 24-hour hypophysectomized male rats (Hormone 
Assay Laboratories, Chicago; 6 rats per dose) to the injection of extract or standard. The 
solutions were injected in a randomized fashion, by the intrajugular route, under ether 
anesthesia. IS minutes later,® blood was collected with a heparinized syringe from the ab¬ 
dominal aorta for determination of the plasma free corticosteroids by the fluorometric 
method of Silber, as modified by Guillemin cl at. (10), and both adrenals were removed, 
dissected free of fat, and weighed to the nearest O.I mg. The left gland was extracted in 4% 
trichloracetic acid for ascorbic acid determination by a modification (solutions incubated 
for 15 minutes (vs. 180) at 100° C (vs. 37° C) of Roe and Kuether’s method (11). The right 
gland was extracted in alcoholic saline jirior to corticosteroid determination by fluorometry 
(12). The results, computed and tested for validity according to Bliss’ methods for factorial 
analysis and analysis of variance (13), were expressed in mu. of ACTH per mg. of fresh 
tissue, with confidence limits (antilog C®M±CtSm) for odds of 19 in 20. Equal emphasis 
was placed on the internal {within assays) and external {between assays) variances of the 
combined estimates (unweighted logarithmic mesms) by computing their standard errors 
from the averages of the crude and unweighted Sm’s (13). 


Table 1. Comparative assays of the same rat pituitary e.xtract against the 
SAME standard BY in vHro AND hi vivo techniques 



ACTH per mg. ! 

95% confidence 

Index of 

Type of assay 

fresh tissue 

limits 

precision 


(mu.) ^ 

(mu.) 

(X) 

In Vitro Corticoidogenesis 




#1 

09.5 

45.8-116.0 

0.080 

#2 

42.5 

23.5- 69.2 

0.104 

#3 

60.8 

46.8- 80.3 

0.057 

i 

80.0 j 

40.2-314.7 

0.157 

Mean+S.E. 

61.7±7.2 


0.090±0.020 

In Vivo 




A. Adrenal Ascorbic Acid 

20.S ' 

15.8- 27.1 

0.081 

B. Adrenal Corticosteroids 

20.1 

18.3- 22.2 

0.028 

C. Plasma Free Corticosteroids 

24.4 

20.4- 27.1 

0.034 

ftfean +S.E. 

21.7±1.2 


0.048±0.017 


results and conclusion 

Nearly identical values were obtained on the basis of in vivo corticoidogenesis and 
ascorbic acid depletion, whereas a markedly higher concentration was again recorded 
on the basis of in vitro corticoidogenesis (Table 1). These findings do not support Bir¬ 
mingham et al.’s hypothesis of a higher S/AA activity ratio in rat pituitary extract than 
in the reference standard. The discrepancy would thus appear to be related to differ- 

® This interval was observed to correspond to maximal adrenal ascorbic acid and 
corticosteroid responses to ACTH (10). 



312 NOTES AND COMMENTS Volume 64 

cnees in the nature {in vivo or in vitro) rather than in the end-points (adrenal ascorbic 
acid depletion or stimulation of corticoidogenesis) of the assays. Further studies aimed 
at elucidating this problem are reported elsewhere (9). 
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MODIFICATION OF THE CATABOLIC ACTION OF ACTH 
IN RATS FED A DIET HIGH IN POTASSIUMi 

ABSTRACT 

Groups of normal female rats were maintained on a constant food intake and 
daily urine collections were made for nitrogen ana^sis. E.xperimental animals re¬ 
ceived an extra 600 mg. per day of KCl in their diet. ACTH assaying 15 USP units 
per mg. was given in doses ranging from 10 /xg- to 200 fig. per rat per day. At doses, 
of ACTH below 100 ng- per rat per day no significant increase in urinary nitrogen 
occurred in those animals on the high KCl diet whereas it did occur in animals on 
the control diet. With doses of ACTH of 100 /xg. or above per rat per day it oc¬ 
curred in both groups, but was more marked in the control animals. 

In a previous paper from this laboratory (1) it was reported that the inclusion dailj 
of an extra 600 mg. of KCl in the diet of normal female rats inhibited the catabolic 
effect of administered ACTH. In these experiments ACTH administration was starte 
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at such low dosage that no catabolic effect was observed either in the control animals or 
in the animals on the high KCl intake. As the dose of ACIH was increassed, a definite 
catabolic effect appeared in the control animals. At this time no group of animals on a 
high KCl intake showed a statistically significant increase in nitrogen excretion, al¬ 
though some groups of animals on the high KCl intake did show small increases in 
urinary nitrogen. Subsequently, Rupp, Paschkis, and Cantarow (2), using tube fed ani¬ 
mals receiving amounts of extra KCl identical to those employed in the experiments re¬ 
ported by this laboratory were unable to demonstrate an inhibition of the catabolic 
effect of either ACTH or cortisone. Their experiments differed, however, from those 
reported from this laboratory in that they used only one dose level, and a fairly large 
one, of both ACTH and cortisone. The dose of cortisone which they employed was 
5 mg. per rat per day and they used 10 units of ACTH per rat per day. We have carried 
out experiments in an effort to repeat the original observation of Whitney, Bennett, and 
Li (1). Also, these experiments have been designed to determine whether if one used 
progessively larger doses of ACTH, its catabolic effect would reappear even though a 
diet high in KCl were being fed. 


METHOD 

The animals used, the diet, the methods of collection of urine and of analyses, the con¬ 
trol of food intake and the amount of extra KCl added to the diet was identical nith those 
previously reported (1). There were five animals in each group of animals in each experi¬ 
ment. Urine collections wore started after a period of a week or more in the metabolism cages. 
The ACTH used was the ACTH preparation E obtained by elution from oxyccllulose (3). 
The preparation assayed 15 USP units per mg. and w.as administered subcutaneously in 
bees wax. 


RESULTS AND COMMENTS 

The results of the experiments in which ACTH was administered arc reported in 
Table 1. It will be noted that in three different experiments in which 40 pg. of ACTH 
was given per day a significant increase in urinary nitrogen occurred in the groups on 
the control diet on two occasions, whereas no significant increase occurred in an}' group 
on the high KCl diet. When the dose of ACTH was doubled to 80 pg. per day a significant 
increase in urinary nitrogen occurred in one of the two control groups but in neither of 
the groups on the high KCl diet. In four experiments when the dose of ACTH was 
100 pg. or more per day significant increases in urinary nitrogen occurred in all control 
groups and in one of the groups on the high KCl intake. Also it is apparent from the 
table that in seven of nine periods there was an increase in urinary nitrogen when 
ACTH was given to animals on the high KCl diet. However, in each of these instances 
the increase in urinary nitrogen of the animals on the control diet w.as greater than that 


Table 1. Change in urinary nitrogen op .ACTH treated animal.s 




Experiment 


15D 


Control 
High KCl 


...fc.y 


/day 


402±3.7 4-37 

400±2.6 4-13 


15E 


Control 428 ±7.3 

High KCl 435 ±4.7 


~ 4 
-12 


15B 


Control 
High KCl 


323±4.6 

344±7.1 


15A 


Control 
High KCl 


348±4.9 

336±4.9 


4-40 
4- 6 


15F 


Control 297 ±4.5 

High KCl 291 ±4.9 


/day 


.03 

.10 


>.80 4-21 
>.80 -17 


<.01 4-47 

.60 4-12 


/day 


.10 

>.80 


<.0i 

.50 


4-110 
4- 47 


/day 


4-29 
- 9 


4-67 

+24 




ill 

j /day 


.05 

>.90 


<.01 

,10 


+55 

+26 




< 001 
10 


<.001 

03 


period as six or seven days in duration. 

T Inc treatment period was three or four days in duration. 
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of tlie animals on the liigh KCl diet. AVith increasing closes of ACTH its catabolic 
effect is more marked both in the control animals and in those on the high KCl intake. 
Thus, the average change in urinary nitrogen of control animals receiving less than 100 
Hg. of ACTH per day was an increase of 28 mg. per rat per day; whereas, the average 
change in high KCl animals at the same dosage was less than 1 mg. per rat per day. 
At doses of 100 pg. or more per day of AC'JTI the average increases in urinary nitrogen 
were 65 mg. per rat pci- day for tho.se on the control diet and 28 mg. per rat per day for 
those on the high KCl diet. 

In confirmation of ju'cvious results (1) there was no demonstrable difference in 
adrenal size when the weights of the adrenals of the ACTH treated animals on the 
control diet and the adrenals of the ACTH treated animals on the high KCl intake were 
compared. Likewise, wlien these adrenals were studied microscopically after staining 
b 3 " the Flc.vncr Grollman technique, (4) no differences between the two groups were 
found. 

It is worthj- of note that in tliese c.xpcrimcnts at dailj- doses of ACTH below 1.5 units 
per rat per da^', no significant increases in urinaiy nitrogen occurred in animals on the 
high potassium diet. At doses of 1.5 units or more per rat per daj' significant increases 
in urinaiy nitrogen occurred in both groups. As ])ointcd out earlier, Rupp, Paschkis, 
and Cantarow used onl.y doses larger than these in their experiments in which they 
reported failure to confirm the results of Whitney and Bennett. 

RonionT L. IIazklwoou, Lkslie L. Bennett and Stanley Ellis 
The Department of Physiology 
and the Institute of Experimental Biology 
University of California, 

Berkeley, California 
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A TECHNIQUE FOR REMOAHNG THYROID GLANDS 
FROM ANURAN LARVAE' 

ABSTRACT 

It is pointed out that removal of thyroidal primordia from embryos is unsatis¬ 
factory as a means of obtaining thyroklcctomizcd larvae since the gland often re¬ 
generates. A technique for removing the gland from the tadpole is described and 
cited as producing uniformilj' good results. 

Thjwoidectomized tadpoles arc occasional!}’' needed in large numbers for endocrino¬ 
logical investigations. Allen (1) has described a technique for removing tlyroid anlagcn 
from embrj’os at tailbud stages of development, but his technique is rather tedious and 
time consuming. Also, Dr. William Etkin (personal communication) reports that he, as 
well as other workers, find that the gland regenerates in at least 50% of animals operatcc 
upon in the tailbud stage even when the entire floor of the pliaiynx is removed. 'C 
technique to be described was cited earlier (2). It has been used in the successful extirpa 
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tion of thyroid glands from Rana pipiens, R. paltislris, R. catesbeiana, Biifo amcricaniis, 
and Htjia versicolor at all stages of larval development; but the operation was most 
conveniently carried out on animals at the stage during which yolk consumption is being 
terminated and feeding is beginning to take place. At that stage, the thyroid still con¬ 
tains yolk granules and is easily distinguished from surrounding tissues so that com¬ 
plete removal of the gland is readily accomplished. Furthermore, younger larvae seem 
to be less adversely affected by operational trauma than older animals. 


MOUT.. 



UROBRANCHIAL cut edge of 



In preparation for the operation, the tadpole is anesthetized in tricaine methancsul- 
fonate (MS-222, i\I. Sandoz, New York) at a concentration of 1:3000 in spring water. 
The animal is then placed on its back within a depression molded in the bottom of a 
wa.\-lined operating dish. It is secured bj- means of a strip of fle.xible plastic material 
(polyethylene sheeting) which, in turn, is held in place with thumbtacks (Fig, 1). 
Cutting is done under a dissecting microscope by inserting a knife edge ground on the tip 
of a dissecting needle beneath the tissue to be cut and then working the tips of a pair 
of watchmaker’s forceps against the knife edge through the tissue. First, a rectangular 
piece of skin is removed just anterior to the pericardial cavity, exposing the medial por¬ 
tion of the interhyoid muscle. The interhyoid is a relativel}- broad, flat muscle with fibers 
running transversely (Fig. 2). The posterior half of this medial portion (or the complete 
medial portion in younger animals) of the interhjmid is then removed. Through the 
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opening tlins crciitecl tiio nrobrancliial cartilage is seen extending ventrocaudad from 
the hypobranchial i)late of tlu; liyoid apparatus. A pair of snbarcual muscles arc at¬ 
tached to the urobranchial cartilage and run obliquely caudolaterad from it. When 
these subarcual muscles are transected, the lobes of the thyroid are seen lying against 
tlie hypobranchial plate lateral to the urobranchial cartilage, medial to the geniohyoid 
muscles, and craniodorsad to the carotid arches. Finally, the exposed thyroid lobe.s arc 
removed by aspiration through a capillary jiipcttc with a mouth-controlled suction tube 
attached to it. 

Tadpoles operated on in this fashion required no special postoperative care. They 
were merely put in ordinary culture dishes or aquaria, where rapid healing ensued. Re¬ 
moval of the thyroid was demonstrated to be complete, and mortality was negligible. 

J.4MES Nokman Dent 

Department of Biology 

University of Virginia 

Oak Ridge, Tennessee 

and Biology Division 

Oak Ridge National Laboratory- 

Charlottesville, Virginia 
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THE USE OF THE TOAD FOR BIO.\SSAY OF MAMM.-VLIAN 
ANTIDIURETIC HORMONE (VASOPRESSIN)^ 

ABSTRACT 

Injection of mammalian antidinretic hormone (ADH) into toads produced in¬ 
creased water uptake and decreased urine production, resulting in weight gain over 
the pre-injection period. A bioassay for ADH, based on this response, has been de¬ 
veloped for Bufo mariniis, a largo toad available in the United States. This method 
is an adaptation and modification of an assay devised by Buchborn for the European 
toad Bufo bufo. Details of the assay procedure arc given, as well as instructions 
for maintaining the toads in the laboratory. 

The role of the neurohypophyseal hormone, vasopressin, in body water and electrolyfe 
balance has long been of interest to both physiologists and clinicians. The determination 
of circulating levels of this hormone has, however, been hampered b.y the capricious 
nature and limited sen.sitivity of the assay methods which have been available. IMostof 
these methods depend on the excretion of an administered water load by rats or other 
mammals. But pain, trauma, stress, anesthesia, and even noise, temperature changes 
or strange environment may interrupt the expected diuresis in a water loaded animal, 
presumably by effecting an increase in endogenous hormone production. 

Brunn (1) first pointed out that amphibians respond to mammalian neiirohypoplp- 
seal extracts by increased water uptake through the skin. Manj' subsequent workers 
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Fig. 1. Dose-response curve for Bufo marimis given various dosages of Pitressin- (3). 
The abscissa is a logarithmic scale, one microunit being one millionth of an International 
(pressor) Unit. Each triangular point represents the mean response of five toads at the 
third hour after injection. The dashed line represents the average weight gain, after the 
same interval, of toads injected with saline only. (The zero point on the ordinate scale 
represents the mean hydrated weight, or pre-injection weight, of each toad; since the 
injected fluid constitutes five percent of the animal’s body weight, every animal will be 
heavier at the ne.xt weighing. However, this net gain is gradually lost by animals who 
receive only saline: it is maintained or increased under the influence of ADH). 

have confirmed this fact, and have further found that toads are more sensitive than 
frogs to vasopressin. Buchborii (2) utilized this sensitivity in developing an assay 
method for antidiuretic hormone (ADH) using the European sand toad Bufo bufo. This 
author claims his method to be specific and sensitive from 10 pu. to 1500 pu. ADH. 

We have adapted and modified this assay procedure for use with toads available in 
this country. The giant toad, Bufo marimis, has been used in the present study. This 
species is widespread in Central and South America, and its range extends northward 
into the southern tip of Texas. The animals are easily obtained because several supply 
houses stock them for pregnancy tests. 


METHOD 

For each assay, five male toads are hydrated by allowing them to remain in water over¬ 
night. The mean hydrated weight of each toad is then determined from three hourly weight 
determinations. After each weighing, the animal is caused to excrete his accumulated urine 
by catheterization with a blunt pipette, combined with slight pressure on the lower abdo¬ 
men. Thus each weight determination represents base weight plus water taken up during the 
previous hour. Premature raicturation with large variations in weight has not proved a prob¬ 
lem. Each animal is then given an injection—5 cc. for ever}' 100 gm. body weight—of vaso¬ 
pressin in saline,” into the dorsal lymph sac. Within two to five hours, depending on the 
size of the toad, a maximum weight gain (ADH) or return to original pre-injection weight 
(saline controls) is observed. For B. marimis weighing 80-120 gm., the mean response of 
five toads at three hours after injection is taken as the end point. 

The magnitude of the response is directly proportional to the dosage of hormone in¬ 
jected (Fig. 1). When response of the toads (per cent weight gain) is plotted against log- 
dose, the curve follows a straight course from less than 5 jiu. to 5,000 nu. (5 mu.). 


■ Pitressin, mfg. by Parke, Davis & Co., Detroit, Mich. 
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The toads are force-fed chopped raw beef liver once a week. During the period of this 
study (January-June), they aj^peared to remain liealthy and many gained weight on 
this regime. No seasonal variations in response of tlie toads to hydration or hormone 
injection were noted during this period. 

Tlie present assay procedure has been inscd to determine levels of antidiuretic sub¬ 
stance in rat plasma under a variety of conditions." Preliminary studies have been con¬ 
ducted on human plasma. Work is in progrc.ss on dose-response curves for several other 
species of North America'n toads, in tlie hope of finding another species which may be 
even more senstivie to vasopressin, or more rcadih' obtainable, or both. 

Jean Kautz Lauber 
W. J. Eversole 

Biology Deporbnent 
University of A^eiu Mexico 
Albuquerque, Neio Mexico 
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ENDOCRINOLOGY 


Volume 64 


MARCH, 1959 


Number 3 


CopyriKlit © 1959 by the Endocrine Society 


ELIMINATION OF C^'-LABELED THYROXINE IN THE 
BILE, URINE AND EXPIRED AIR OF RATS IN 
ALTERED THYROID STATES' 

PETER A. KOT and HOWARD M. KLITGAARD 

Department of Physiology, Marquette University, 

School of iicdicine, Milwaukee, Wisconsin 

ABSTRACT 

Adult male Sprague-Dawlcy rats were treated witli approjiriate measures to 
attain the desired metabolic states. DU-thyroxinc-l-C'^ was administered sub¬ 
cutaneously and the elimination of radioactivitj- determined in bile, urine, and 
e.Npired air of hypo-, hyper- and euthyroid animals. 

Biliary elimination of C*'' activity in the control rats amounted to 11.8% of 
the injected dose within a period of six hours. Desiccated thyroid treated ani¬ 
mals showed an increased excretion of radioactivity accompanied with an in¬ 
creased volume of bile produced. The thyroidectomized and thiouracil-treatcd 
rats showed no change from normal in the amount of radioactivity eliminated 
but both groups had a reduction in the volume of bile removed. 

Urinary excretion of thyroxine activity during the twelve hour period never 
exceeded 2% of the injected amount regardless of the group studied. Hj'per- 
thyroid animals showed increased urinary excretion of radioactivity with in¬ 
creased volume of urine eliminated. The C“ activity in the urine of the thyroid¬ 
ectomized and thiouracil-treated groups was lower than the control animals but 
only significantly so in the latter case. This reduction in the amount of activity 
was found to be independent of the urine volume excreted. 

The recovery of C*'* in the expired air was taken to indicate that decarboxyla¬ 
tion of the administered thyroxine had occurred. Within twelve hours about 
12% of the injected activity appeared as C'^Oj in the control group. No altera¬ 
tion in this amount was observed in the hyperthjToid animals. Both hj'pometa- 
bolic groups showed decreased C*'*©; production, however, this was only sig¬ 
nificant in the thiouracil-treated animals. 

W ITHIN the last two decades I‘*'-labeled thyroxine has been used 
extensively in studying the degradation and elimination of the 
thjToxine molecule in both animals and humans. Because the detection 
of I*^‘ activity does not always indicate the presence of the intact thyroxine 
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molecule without further chemical anal 3 ^sis, abnormally high levels of 
excretion for this compound have appeared in the literature. 

With the synthesis of C’‘’-carboxyl labeled thjwoxine (1), it is now possi¬ 
ble to make use of another radioactive element in following the metabolism 
of the thyroxine molecule; the use of this element furthermore affords an 
opportunity to study an additional mechanism in the degradation of this 
compound, namelj' that of decarboxjdation. 

The present study was carried out primarily to compare our results with 
those previously reported using I'^‘-labeled thyroxine, and secondly, to 
investigate the effect of altered metabolic states on the metabolism of dl- 
th 3 n-oxine-l-C*', 


MATERIALS AND METHODS 

Male rats of the Sia-ague-DawIcy strain were userl throughout the investigation. Ani¬ 
mals were divided into four groups comprising a normal, a hj-perthyroid and two hypo- 
thju'oid groups and were treated accordingly to attain the desired metabolic status. 

Normal animals were maintained on a Rockland Complete Rat Diet. A hypermeta- 
bolic rate was achieved from a diet consisting of 3 gm. desiccated thyroid/Kg. of finely 
ground stock food. Ad libitum feeding on this regime for 3 weeks resulted in the achieve¬ 
ment of the desired hypermetabolic level. 

For thiouracial feeding, tlie animals were fed a diet containing tlic drug concentra¬ 
tion of 0.2 gm.%. Animals were maintained on this regime until the metabolic rate 
decreased about 25%. 

Thyroidectomies were performed under ether anesthesia and the animals were main¬ 
tained on stock diet until rcad.y for use. 

A Benedict-Roth closed circuit apparatus was employed for the measurement of 
o.xygen consumption. Basal metabolic rates were obtained by measuring oxygen uptake 
over three consecutive thirty-minute intervals. Resting metabolic rates of the control 
group ranged from 90 to 110 cc. O 2 /IOO gm./hr. An increase or decrease of 25% in 
oxygen consumption above or below the control levels was used as the criterion for 
designating animals hj^per or hypometabolic. 

DL-thyroxino-l-C’'', which was used throughout this investigation,- had a specific 
activity of 5.3 jug./mg. All radioactivity measurements were corrected for self-absorption 
and background and converted into /ign™- of thyroxine, bj' reference to the known spe¬ 
cific activity of the administered C*'* thyroxine. Samples were counted to within a prob¬ 
able error of 3 to 4% in the bile study and to within 6 to 7% in the and urine stud¬ 
ies. Bj' waj' of illustration a 200 gram rat received about 840,000 cts./min. and a 0.1 
ml. bile sample would have about 1000 cts./min. or 50 times background. All injections 
were made subcutaneously at a dose level of 780 gg./Kg. body weight. Because of the 
problem of counting the weak beta radiation from carbon 14, a pharmacological rather 
than physiological dose was emplojmd in this study. At this dose level certain alterations 
in the metabolism of the excrctor}^ tissues ma 3 ’' have occurred if the studj^ had been e.x- 
tended for a longer period of time. However, because this stud^^ was limited to 6 hrs. 
for the collection of bile and 12 hrs. for the urine and C '''02 collections an}' changes in 
the metabolism of the excrctor}' tissues was probabh' not a result of the administere 
dose of labeled material but bj' previous treatment. 


2 The C*'' for the synthesis of the thyroxine was obtained on allocation from the 
U.S. Atomic Energy Commission. 
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ELIMINATION OF THYROXINE IN RATS 

Bile samples were obtained by canniilating the common bile duct with polyethjdcne 
tubing (inside diameter 0.02S cm.). When a good rate of flow was obtained, the animal 
was placed in a restraining cage and injected with labeled thyroxine. Aliquots of 0.1 
ml. of hourly bile samples were plated in duplicate on copper planchets and diluted with 
distilled water and 95% alcohol to obtain even distribution of the material and were 
then allowed to air dry. 

For 12-hour urine collections, animals were placed in metabolic cages, ihe concen¬ 
tration of C" activity in the urine was determined on 0.1 ml. aliquots of samples ob¬ 
tained at 3 hour intervals. The techniques involved in plating, drying, and counting 

were as described for bile. i j • 

Carbon dioxide collections were made using the modified Benedict-Roth closed cir¬ 
cuit apparatus (2). The collections were made at 2 to 3 hour intervals through a period 
of 12 hours. The quantit 3 ' of radioaetivitj' in each aliquot was then determined using a 
windowless flow counter. 

RESULTS 

Table 1 shows the percentage of C‘^-activity excreted and volume of bile 
produced. At the end of 6 hours normal animals excreted 11.80% of the 
injected dose of radioactivit}'^ via the biliaiy route. The h 5 ’^poth 5 woid groups 
did not differ significantly from the normal in this respect. Mean excretion 
values of C^'‘-activity in the thyroidectomized and thiouracil treated 
animals were 12.04% (P = 0.953) and 11.90% (P = 0.940) respectively. A 
decrease in the volume of bile produced was shown by the thyroidec- 
tomized group while no significant alteration in volume was seen in the 
thiouracil-treated animals. 

The amount of radioactivity excreted in the bile of animals treated with 
desiccated thyroid was significantly elevated (P== 0.001) above normal, 
reaching a level of 21.66%, 6 hours after injection. Associated with this in¬ 
creased elimination of radioactivity Avas a rise in bile production to a level 
times greater than normal. 

In Table 2 are presented the percentages of injected radioactivity ex¬ 
creted and volume of urine produced for the various groups. In neither 
group was the level of urine radioactivitjf above 2% at the end of a 12-hour 
interval. Normal animals excreted 1.15% of the injected C^'* activity in 
6.22 ml. of urine during the 12-hour collection period. The thiouracil 

Table 1. Cumulative 6-hour biliary excretion following 

SUBCUTANEOUS INJECTION OF C'^-LABELED THYROXINE 


Condition 

No. of 
animals 

% activity 
excreted’' 

Pb 

ml. bile 
excreted 

Mean 

BMR 

(cc. O 2 /IOO 
gm./hr.) 

Normal 

7 

11.80-1-3.42 

-_ 

4.31 

90-110“ 

Desiccated Thyroid-Treated 

6 

21.66+3.S2 

O.QOl 

7.10 

169.9 

Thyroidectomized 

0 

12.04+9.07 

0.953 

2.73 

57.9 

Thiouracil-Treated 

9 

11.90+2.09 

0.945 

3.96 

68.6 


“ Mean ±standard deviation. 

’’ Probabilitj' of no difference from normal. 
' Range of values for normal animals. 
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Tabi-e 2. Cumulative twelve-houh ubinauy excretion following 

SUBCUTANEOUS INJECTION OF C’-LABELEI) THYROXINE 


Condition 

No. of 
animals 

% activity 
excreted" 

pi, 

ml. urine 
excreted 

Mean 
BMR 
(cc. O;/100 
gm./hr.) 

Normal 

10 

1.15±().25 

_ 

0.22 

90-110' 

]3c.siccatcd Thyroid-Treated 

8 

1.89+0.40 

0.001 

11.95 

154.8 

Thyroidectomized 

0 

I .07+0..57 

0.088 

0.4 

68.1 

Thiouracil-Trcated 

9 

0.79+0,31 

0.008 

0.02 

64.4 


" Mean+st,andRiTl deviation. 

’’ Proliability of no difTerence from normal. 
“ Range of value.s for normal animals. 


treated group sliowed a significant decrease in tlie amount of radioactivity 
eliminated (P = O.OOS) wliile tlie thy'roidectomized group did not (P = 0.68S.) 
Tlie quantity' of radioactivit}^ appearing in tlie urine of hj'pertlyyroid ani¬ 
mals was significantl.y increased to 1.89% (P = 0.001). The volume of urine 
produced by the hypermetabolic group was almost double (11.9 ml.) that 
of the normal (6.2 ml.) tvliile neither of the h 3 'pothyroid groups showed a 
noticeable change in urine volume when compared with the control gi’oup. 

In Table 3 are presented the mean cumulative percentages of C^Os in 
the expired air I^y the various groups. This table shows that both hypo- 
metabolic groups excreted less in 12 hours than the euthyroid ani¬ 
mals. ThjToidectomized and thiouracil treated animals show a mean ex¬ 
cretion of 4.04 and 2.67%, respectively, with a significant decrease (P = 
0.006) present in the latter group only. During the 12 hour collection 
period hypermetabolic animals exhibited no alteration (P = 0.992) in elimi¬ 
nating C^'^Oo when compared with the euthyroid group. 

DISCUSSION 

The fact that the liver plays an important role in the metabolism of 
thju’oxine is born out b}^ the predominance of radioactivit.y appearing in 
the bile. The mean excretion of 11.80% of the C’'’-activity in the bile of 
normal animals agrees closelj'’ with the results reported earlier when using 
labeled L-thyroxine (3) and C'Mabeled DL-thjmoxine (2). Other in- 


Table 3. Cumulative twelve-hour C'Oj excretion following 

.SUBCUTANEOUS INJECTIO.N OF C''-LABELED THYROXINE 




% activity 
excreted" 


Mean BMP 

Condition 

No. of 
animals 

pi, 

(cc. Oj/IOO 
gm./hr.) 

Normal 

0 

6.1812.39 

0.992 

90-110' 

186.6 

71.8 

68.6 

Desiccated Th.yroid-Treated 

8 

6.20+2.47 

Thyroidectomized 

5 

4.04+0.78 

0.288 

Thiouracil-Treated 

7 

2.67 + 1.26 

0.006 


“ Mean ±standard deviation. 

Probability of no difference from normal. 
Range of values for normal animals. 
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vestigators (4) gave a comparable value of about 13% excretion via this 
route in 6 hours using tracer amounts of n-tiiyroxine It was reported 
(5), that much of the \Yhich appeared in the bile was in the form of a 
glucuronide of thyroxine. 

The marked increase in tJie biliarj^ radioactivity of liypermetabolic 
animals may be due to increased liver metabolism, A previous report (3) 
indicated that there was no significant increase in activit 5 ^ in the bile of 
hyperthyroid animals having been injected with L-thyroxine. One possible 
explanation for this discrepancy ma}' be due to the difference in turnover 
rates of the l and n isomers of thjwoxine. It has been reported (6) that after 
a physiological or pharmacological dose of L-thyroxine the resulting iodi- 
nemia is reduced to 1 to 2 % of the initial level within 2 hours. Also the 
disappearance from the blood of both of the thjwoxine isomers have been 
reported (7) to be composed of five exponential decaj^ rates which can be 
reduced to four b}" drainage of the bile to the outside or removal of the 
th 3 ’roid gland. The first three rates are the same for both isomers, how¬ 
ever, the half life of the final rate for the L-isomer is between 2 to 3 times 
that for the n form indicating a more rapid turnover of the n isomer. Other 
investigations have shown that the metabolism of a th 3 Toidectomized rat 
can be maintained at its normal level 1 ) 3 ' the administration of 12 gg, dl- 
th 3 a’oxine per Kg. of bod}' weight/da}' (8), while only 6 gg. of L-th 3 'roxine 
is required per Kg. per day (9). 

Although there is a diminution of the bile production b}' hj'potliyroid 
animals, this appears to be onl}' a characteristic of the hypometabolic 
state and is not reflected in the amount of radioactivit}' excreted. 

Apparentl}' thjn-oidectomized and thiouracil-treated animals suffer no 
loss in the abilit}' of the liver to metabolize exogenous thyroxine at this dose 
level although bile production is reduced. It has been observed (10) that 
hyperth 3 'roid animals produce approximate!}' twice the volume of bile 
per day when compared with hj'potly'roid animals. Such a relationship 
was also found in the present study. 

The urinar}' pathwa}' appears to pla}' a minor role as a route of excretion 
for the Ci'‘-labeled th 3 'roxine molecule per se. Although the percentage of 
radioactivit}' excreted in the urine was low in all groups, there was a 
statistically significant increase above the normal level of 1.15% found in 
the h 3 'perth 3 'roid animals after 12 hours. C'^-activity in the urine of both 
th}'roidectomized and thiouracil-treated animals was lower than the con¬ 
trol group but onl}' significantly so in the latter. 

Earlier reports (6, 11) indicated that in a period of 24 hours normal rats 
excreted between 11.0% and 18.2% of the injected I'^Mabeled thyroxine 
in the urine. Analysis of the urine samples showed the majority of the 
to be in the form of inorganic iodide. Intact, radioactive thyroxine usually 
appeared in amounts of less than 5% of the total I^®^ excreted in the urine. 

The apparent discrepancy that exists with regard to the quantity of 
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radioactivity appearing in the urine following administration of C“- 
labeled and P'^'-labeled thyroxine is probably the result of large quantities 
of being excreted as inorganic iodide resulting from metabolized 
labeled thju’oxine and not representative of the intact thyroxine molecule. 

Although the differences in the amount of radioactivity recovered in the 
urine of the hyperthyroid and thiouraeil treated animals were small when 
compared to the control group, the values obtained were highly significant 
(P = 0.001 and P = 0.008, respectiveljO- The observed differences are likely 
due to changes in metabolism, which allows increasing or decreasing 
amounts of available metabolites to be excreted. Thyroidectomy appears 
to have no effect on the excretion of thyroxine or its metabolites in the 
urine. Urine production itself does not seem to affect the amount of radio- 
activitj^ that will be excreted by this route. 

The recover}'’ of C''* in the expired air indicates that catal)olism of the 
thju'oxine molecule has taken place in the body, and that this pathway 
may be an important route for the elimination of thjToxine metabolites. 

Both hypometabolic groups show a decrease in elimination of C''‘02 as 
shown in Table 3. There is, however, a significant alteration only among 
the thiouracil-treated animals. It Avould seem safe to conclude that the 


rate of decarboxylation of the thyroxine molecule is decreased with lower¬ 
ing of the metabolic state of the animal below a critical level of about 70cc. 
O 2 / 100 gm./hr. 

The h 3 ^permetabolic animals and the control group eliminated nearly 
identical amounts of after 12 hours. A much higher rate of C^Os 

excretion was previously reported in normal animals (2). After a similar 
time interval they found 10% of the injected activity to be eliminated 
by this route as compared to 6.2% in this report. 

The fact that hyperthyToid animals should show no increase in C'^'O" 
may be due to one of two factors. The high biliary elimination of C''* ac¬ 
tivity may have lowered the amount of available thyu’oxine or its metal)- 
olites to be eliminated by other routes or with an increased body metabo¬ 
lism there may' ha^^e been little or no increase in the amount of the de- 
carboxylating enzymes. 

In summarizing the differences found in various metabolic states the 
hyperthyroid animals showed an increased biliary^ excretion, of what may 
be conjugated thyTOxine with an increased volume of bile produced. There 
was a small but significant increase in urinary excretion of thyroxine, but 
no significant alteration in the rate of decarboxylation of thyuoxine as 


measured by the appearance of C ^^02 in the expired air. 

Neither of the hy^pometabolic groups sho-wed an alteration in the 
amount of thyroxine eliminated in the bile although both groups had a 


reduction in the volume of bile produced. In both groups the urinary 
excretion was reduced, but only significantly in the thiouracil-treate 
animals, rvith no significant change in the volume of urine eliminated, e 
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duced decarboxylation of thyroxine was found in both hypometabolic 
groups although this was only highly significant in those animals receiving 
tliiouracil. 

A chiowledgme ni 

The authors are indebted to Miss Therese M. Hart for her excellent technical assist 
ance. 
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EFFECT OF THYROID IMBALANCE ON THE 
DETOXICATION OF BENZOIC ACID 
IN THE RAT 

N. B. MOUDGAL.i E. RAGHUPATHY and P. S. SAPMA 

University Biochemical Laboratory, lifadras-SS, India 
ABSTRACT 

Thyroid iiormonc imbalance has been shown to profoundlj’^ influence tlie de¬ 
toxication of benzoic acid in the rat. The excretion of liippuric acid and ben- 
zoylglucuronide following the administration of sodium benzoate is low in 
hyperthj'roid rats when compared with normal, hi vitro studies with tissue 
slices have confirmed the results obtained with intact rats. The thjwoid status 
of the animal has also been found to influence the utilization of administered 
glucuronolactone. The /3-glucuronidase activitj' of hypothyroid rat livers is 
depressed below normal and the extent of glucosiduronic acid synthesis in 
these livers is much higher than normal. The various implications of these re¬ 
sults are discussed. 

T he stud}^ of the detoxication as well as the metabolism of foreign 
organic substances in the animal bod}’- has, in recent years, developed 
into an elegant and recognised method of investigating the mechanism of 
several synthetic processes in the body. Of the diverse metabolic reactions 
that are altered under thjn-oid stress, the influence of th 3 U‘oid hormone on 
oxidative phosphorylation has received critical attention in recent years. 
Though Tapley, Cooper and Lehninger (1) have recently observed that 
in vitro, th 5 ’roxine has no direct influence on oxidative phosphoiylation 
processes, the same authors and several others (2, 3, 4) have shown that 
th 3 a'oid hormone m vivo depresses oxidative phosphoiylation. Ball and 
Cooper (5) have recentl}’ outlined the probable mechanism whereby, m 
hyperthyroidism, phosphorylation would be depressed and ox 3 ’gen con¬ 
sumption enhanced. 

Benzoic acid is normall}^ metabolized in the bod}'- to form hippuric acid, 
a glycine conjugate, and also as benzo 3 dgucuronide. Recent investigations 
have shown that hippuric acid S3’nthesis (6) and glucuronide conjugation 
(7) are both dependent on high energy phosphates. Burlington (8) studied 
the influence of endocrines on p-amino hippuric acid synthesis by rat 
liver homogenates and showed that the abilit}'- of the homogenates to 
synthesize p-amino hippuric acid is altered by adrenalectomy, a condition 
of alloxan diabetes (representing the influence of insulin lack) an 

Received February 3, 1958. _ _ . . 
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ovariectomy. Fatterpaker, Marfatia and Sreeiiivasan (9) have ol^served 
that feeding iodinated casein to rats reduces the hippuric acid synthesis 
liver homogenates. 

A detailed investigation into the influence of thyroid stress on benzoic 
acid detoxication has revealed the two endergonic processes—hippuric 
acid and benzoylglucuronide synthesis—to be profoundly influenced by 
the thyroid status of the animal. The present study also provides indirect 
evidence for the participation of high energy phosphate (uridine diphos¬ 
phate glucuronic acid) in the synthesis of glucosiduronic acids. 

EXPERIMENTAL, 

Animals: 

Albino rats weighing between 150 and 160 gm. were used in the present scries of 
experiments. Each series consisted of rats divided into 3 groups: the control group fed 
the laboratory stock diet, the hypothyroidal group fed the stock diet plus a supple¬ 
ment of 50 mg. of methylthiouracil per rat per day, and the hyperthyroid group fed 
the stock diet plus 16 mg. of desiccated thyroid power (B.D.H.) per rat per day. In 
each set of experiments, a total of not less than fifteen rats was used. The diets were fed 
ad libilum and sufficient distilled water was given. Vitamin A and D were given as a 
commercial preparation. Each rat received per week 7200 i.u. of vitamin .4, 1200 i.u. 
of vitamin D, 2 mg. of a-tocopherol and 0.2 mg. of vitamin K. From preliminary e.x- 
periments (10) it was observed that for hypo- and hypcrthyroidal conditions to set in 
completely, a six-week period of feeding on the above regimen was neecssarj-. 

Benzoic acid detoxication: 

In preliminary c.xperiments reported earlier (10), benzoic acid was fed orally to rats. 
In the present study, however, it was found convenient to administer benzoic acid by 
intraperitoneal injection as sodium benzo.ate. Each rat received a single injection of 50 
mg. of benzoic acid. The rats were transferred to metabolism cages and the urine of the 
subsequent 48 hours was collected in 1 ml. of IN H 2 SO 1 to which a few drops of toluene 
were added as a preservative. The urine sample in each case was made to 100 ml., 
filtered and preserved under toluene in an ice-chest. 

Hippuric acid in the samples was e.stimated lyy the paper chromatographic procedure 
of Gaffney, Schreier, Di Ferrante and Altman (11). 100 pi. of the urine samples and 
known amounts of pure hippuric acid were chromatographed on Whatman No. 1 paper 
in the solvent sj'stem, n-butanol:glacial acetic acid:water (4:1:1 by volume). After 
drjdng, the chromatogram was sprayed with a 4% solution of p-dimethjdaminobenzal- 
deh_vde in acetic anhydride containing a few crystals of sodium acetate, and again dried 
at 130° C. The orange-colored hippuric acid-azlactonc spots (Rr O.SO) were then cut out 
and eluted thrice with 2 ml. lots of methanol. The intensitj’ of the color was measured at 
460 mp in a Beckman model DU spectrophotometer. 

Benzoylglucuronide in the urine samples was estimated by the method of Bray, 
Humphris, Thorpe, White and Wood (12). Suitable aliquots were transferred to boiling 
tubes, the volume in each tube was made to 2 ml. and to each tube were added 4 ml. of 
conc.HCi and 2 ml. of 0.375% naphthoresorcinol solution. The tubes were heated in a 
boiling water bath for 2 hours. After cooling, 5 ml. of n-butanol was added to each tube 
and the contents mixed well. After about 2-3 minutes the color was read in a Lumetron 
Photoelectric Colorimeter (Photovolt Corporation) emploving yellow-green (530 mp) 
filter. 
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Metabolism of ghicuronolactonc: 

This experiment was conducted with a fresh set of rats rendered hypo- and hyper- 
thyroidal as above. Each rat after an intrapcritoneal injection of 100 mg. of glucurono- 
lactone was transferred to a metabolism cage and the urine collected during the ne.xt 
24 hours in 2 ml. of IN HoSO-i to which a few drops of toluene were added. The total 
glucuronic acid was estimated according to the method of Bray and coworkers (vide 
supra). 

In vitro synthesis of ortho-aminophenol gbicitronidc {0AP-gbiciironide) by liver slices: 

The same set of rats used for the above experiment was used in the present investiga¬ 
tion. After the injection of glucuronolactone, a lapse of 10-15 days was allowed for the 
rats to reach their respective normal status, after which they were killed. The method 
followed for glucuronidc synthesis was essentially that'of Levvy and Storey (13). The 
reaction was carried out in 25 ml. conical flasks in a Dubnoff metabolic shaking incu¬ 
bator for a period of 90 minutes at a bath temperature of 37° C. The composition of the 
reaction medium is given in detail in Table 4. After removing the slices for dry weight 
and nitrogen determination, 2 ml. of a fresh mixture of equal volumes molar trichloro¬ 
acetic acid and molar phosphate was added to the flasks. After centrifuging, suitable 
aliquots of the supernatant were removed for color development by diazotisation and 
coupling with naphthethylene diamine dihydrochloridc. The color complex was mea¬ 
sured in a Beckman spectrophotometer (model DU) at 550 m/a. Each liver sample was 
tested in triplicate to determine its ability to synthesize OAP-glucuronide. 

Liver ^-glueuronidase activity: 

The enzyme extract from the individual liver samples was prepared according to the 
method of Kerr, Graham and Levvy (14). To a cell-free liver homogenate (1%) was 
added 0.3 M citrate buffer pH 5.2 to remove the inactive proteins and the supernatant 
after centrifugation was treated with an equal volume of saturated ammonium sulfate 
solution, centrifuged again and the residue dissolved in water. This solution was treated 
as the enzyme source. 

The incubation mixture for /3-glucuronidase assa}”^ contained 4 ml. of 0.1 M acetate 
buffer pH 4.5, 0.5 ml. of 0.01 J\I sodium phenolphthalein glucuronide (in the control the 
substrate was added at the termination of the incubation period) and 0.5 ml. of the ap¬ 
propriate enzyme solution. The incubation was carried out at 37° C for a period of 60 
minutes. The reaction was stopped by the addition of 5 ml. of 0.4 M glycine buffer 
pH 10.45. The intensity of the color formed due to the liberation of free phcnolph- 
thalein by the action of the enzyme was measured in a Lumetron colorimeter using 
filter 530 my. The substrate consisting of 0.01 M sodium phenolphthalein glucuronidc 
was prepared from the pure cinchonidinc salt of phenolphthalein monoglucuronide ac¬ 
cording to the method of Talalay et al. (15). 

RESULTS 

In Table 1 are presented data regarding the excretion of hippuric acid 
and benzoyl glucuronide, by rats under thyroid stress, following an intra- 
peritoneal injection of 50 mg. of benzoic acid. It can be seen that the excre¬ 
tion of both hippuric acid and benzo 3 d glucuronide is depressed to a 
marked extent in hj^perthyroidal rats, whereas it is enhanced in hypo- 
thjToidal animals. The resuls presented in Table 2 give a comprehensive 
picture of the extent of detoxication of benzoic acid in various states o 
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Table 1. Influence or thyroid hormone on hipfuric acid and 

BENZOYLGLUCURONIDB EXCRETION IN THE RAT 


Condition 

No. of 
rats 

Ilippuric 

acid 

excretion* 

(mg-) 

Percent 

deviation 

from 

normal 

Bcnzoj’l 

glucuronide 

excretion* 

(nig.) 

Percent 

deviation 

from 

normal 

Normal 

5 

27.7± 1.4t 
(26.0-30.0) 

— 

10.0+ 1.9t 
(13.5-20.0) 

— 

Hypothyroid 

5 

40.S± S.O 
(28.0-03.9) 

-1-47 

22.4± 4.5 
(18.0-36.5) 

-1-35 

Hyperthyroid 

5 

13.1+ 1.8 
(11.0-16.7) 

-53 

10.2+ 2.0 
( 7.3-12.3) 

-39 


* The vaUics in pnrcntlicsis indicate range, 
t Standard deviation. 


Table 2. Influence of thyroid hormone on detoxication of benzoic acid 


Condition 

Hippuric 

acid 

expressed 
as benzoic 
acid (mg.) 

Benzoyl 
glucuronitie 
expressed 
as benzoic 
acid (mg.) 

Total 
amount of 
benzoic acid 
derivatives 
excreted (mg.) 

Percent 
of injected 
benzoic acid 
excreted as 
conjugates 

Normal 

18.80 

6.80 

25.00 

51 

Hypothvroid 

27.90 

9.17 

37.07 

74 

Hyperthyroid 

8.93 

4.17 

13.10 

20 


Table 3. Metabolism of olucuronolactone in normal, 
hypo- and hyperthyroid.al rats 
(100 mg. of glucuronolactone injected iniraperifoncally) 


Condition 

Number 
of rats 

Glucuronic acid excreted 
in 24 hours (mg.) 

Per cent 
deviation 
from 
normal 

Range 

Mean 

Normal 

5 

28-56 

35 + 7.2* 


Hypothyroid 

5 

18-38 

26+7.4 

-26 

Hyperthyroid 

5 

45-64 

53+5.7 

-1-51 


* Standard deviation. 


t]i 3 Toid stress, the amounts of benzoic acid conjugates excreted being 
expressed in terms of benzoic acid. 

The influence of thjToid hormone on glucuronide conjugation was con¬ 
sidered worth studjdng in detail, since it is known that both thjnoxine 
and triiodothja-onine are excreted from the liver as glucuronide conjugates 
via the bile into the intestinal tract (16). In Table 3 is shown the excretorj^ 
pattern of total glucuronic acid following an intraperitoneal injection of 
100 mg. of glucuronolactone to the three groups of rats. The results show 
that the excretion is depressed considerablj^ in hj^pothjToidism, whereas, 
it is enhanced bj" an appreciable extent in hj'^perthjToidism. 







330 


MOUDGAL, IIAGHUPATHA^ AND SARAIA 


Volume 6!f 


Table 4. Effect of TiiYiiori) iiobaione imbalance on ‘in vitbo’ synthesis of 
O-AMINOPHENOL GLUCUnONIHB IN BAT LJVEB SLICES 
The reaction medium was of the following composition: 2 ml of bicarbonate-Einger 
medium containing 0.02 iV lactate, 0.001 iV ascorbic acid and 0.0025% o-aminophenol. The 
bicarbonate-Ringer medium did not contain any sulphate as suggested bv Levvy and Storey 
(14). Liver slices of 20 mg. wet weight (approximately) per flask. Incubation for a period of 
90 minutes at 37° C. Gas phase 95% oxygen and 5% carbon dioxide. 


Condition 

Number 

of 

rat.s 

O-aminojihcnol glucuronide synthe.sized 
per mg. nitrogen of liver tissue 
in 90 minutes (ng.) 

Per cent 
deviation 
from normal 

Range 

Mean 

Normal 

5 

20.87-29.66 

24.64 +3.0* 

_ 

Hypothyroid 

5 

30.50-37.20 

33.48±2.4 

4-36 

Hyperthyroid 

5 

18.90-20.30 

19.80+0.5 

-20 


* Standard deviation. 


The results presented in Table 4 show that the in vitro synthesis of 
OAP-glucuronide b}'’ liver slices of rats under thyroid stress, follows the 
same pattern as the in vivo S3mthesis of Ijenzo^d glucuronide. In Table 5 
are summarized the results of assa}”- for iS-glucuronidase activit}^ in liver 
samples of eu-, hypo- and hyperthyroid rats. The enzyme activity is 
considerably enhanced in hyperthjToidism, whereas, it is decreased in 
hypothjToidism. 

DISCUSSION 

The work of Chantremie ( 17 ) and more recently that of Schachter and 
Taggart ( 18 ) have demonstrated the essential nature of adenosinetri- 
phosphate (ATP) in the formation of benzo}'! coenz3'me A, the active 
coupling agent in the hippuric acid conjugating S3'^stem. Dutton and 
Store3'' ( 19 ) and Dutton ( 20 ) have similar!3’ shown uridinediphosphate 
glucuronic acid (UDPGA), a high energy phosphate compound to be an 
actiAie participant in the S3mthesis of ether- and ester-linked glucuronides. 
Thus, a decreased synthesis of benzo3dglucuronide and benzo3dglycine in 
h3^perthyroidism is to be expected, if, as suggested b3'' recent workers 
(2-5), the hyperth3u-oidal state is associated with decreased phosphoryla¬ 
tion and a consequent poor availabilit3’- of high energy phosphate com¬ 
pounds. 


Table 5. ^-Glucuronidase activity of livers of normal, 

IIYI’O- AND HYFERTIIYROIDAL RATS 


Condition 


Number |3-glucuronidase activity per gm. of liver* 

of- 

rat.s Range Mean 


Per cent 
deviation 
from normal 


Normal 4 3.94-5.40 4.71 ±0.47t - 7 . 

Hypothyroid 5 2.51-3.34 3.07 ±0.21 

Hyperthyroid 5 6.31-8.57 7.65 ±0.59 +W 

* Arbitral^ unit of iS-glucuronidase is defined as mg. of phcnolphthalcin liberated bom 
phenolphthalein glucuronide in an hour at 37° C by 1 gm. of fresh liver tissue. 

I Standard deviation. 
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Hyperthyroidism is associated Avith an increased catabolism of carbo¬ 
hydrate and in this condition tissue \dtamin C is decreased (21, 22) and 
tlie requirement for vitamin C is gi'eater (23). The opposite has been 
shown to hold for hypothyroidism (21). Glucuronic acid is known to be a 
common precursor for both ascorbic acid and glucosiduronic acid. Since 
carbohydrate metabolism proceeds at different rates in the various states 
of thyroid stress, the excretory pattern of glucuronolactone indicated in 
Table 3 may Avell reflect the extent of utilization of the same for various 
metabolic needs of the body. The results presented in Table 3 are in keeping 
with the enhanced synthesis of benzo.ylglucuronide observed in hypo- 
thyroidal rats in a separate experiment (Table 1) and Avould seem to sug¬ 
gest that in hypothyroidal condition, the utilization of glucuronolactone 
is better than in normal, the retained amount being utilized at least in 
part for the formation of increased amounts of tissue AUtamin C and the 
glucuronide conjugates. On the contrary, in hyperth}Toidism the utiliza¬ 
tion seems to be poor, even the glucuronic acid retained in the sA'Stem 
probablj' being inainl}' catabolized. Thus, the present results suggest that 
the loAvered excretion of glucuronide observed in hyperthyroidism may be 
the result of the combined effect of a reduced availability and lowered mobiliza¬ 
tion of glncnronic acid for conjugation and a decreased rate of conjugation due 
to the lack of high energy phosphate compounds. The pattern of results ob¬ 
tained in the course of the stud}’’ of the m vitro synthesis of OAP-glucuron- 
ide by liver slices of rats under thyroid stress (Table 4) confirms the in 
vivo observation. 

Dutton and Storey (19) and Isselbacher and Axelrod (24) hold that 
glucuronic acid in the form of UDPGA conjugates AAuth an acceptor mole¬ 
cule in the presence of an enzyme (Avhich does not resemble ^-glucuronidase 
in its properties) from cell-free extracts of rat liver. On the other hand, 
Fishman and Green (25) contend that /3-glucuronidase catalyses efficiently 
the transfer of glucuronic acid from a conjugate to a suitable acceptor 
molecule. Since sufficient experimental eAudence is available to support 
both the postulates, it Avas considered of interest to assay the liver samples 
of the three groups of rats for )3-glucuronidase activity and the results are 
summarized in Table 5. The increase in the /3-glucuronidase acthdty in 
the liA’ers of liyperthyroid rats Avhen considered Avith the obserAmd de¬ 
crease in the glucosiduronic acid synthesis by liver slices of h3^pei'thyroid 
rats, clearly shoAvs that i7i this tissue at least, /3-glucuronidase may not be 
associated Avith glucosiduronic acid synthesis. The opposite holds true 
for hypoth}Toidal rats. Since the physiological function of j8-glucuronidase 
apart from its being associated AAuth the hydrol}"sis of glucuronides, is not 
Avell understood, it is not possible at this stage to offer any satisfactory 
explanation for the increase or decrease in /3-glucuronidase aetiAUt}^ ob¬ 
served in positive and negative thjToid stress respectively. 

It is clear from the results presented in Table 2 that the overall detoxica- 
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tion of benzoic acid is much more efficient in hypothyroidal condition than 
in normal, whereas it is poor in hyperthyroidal condition. In the light of 
the results of the present investigation, it would be of interest to study the 
influence of thyroid stress on the detoxication of organic compounds like 
phenols, naphthalenes etc. 
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THYROID FUNCTION IN EXPERIMENTAL 
NEPHROTIC SYNDROME! 


N. KALANT, AV. C. McINTYRE and D. L. AATLANSKY 

Research Laboraionj, Jewish General Hospital, arid the Department of Investigative 
Medicine, McGill University, Montreal, Canada 

ABSTRACT 

Thj-roid function and thyroid hormone metabolism have been investigated 
in the experimental nephrotic syndrome produced by anti-kidney antibodies. 
Nephrotic animals differed from normal in three ways: (1) thyroxine was lost 
in the urine in conjunction with protein, to the extent of 11 ±7% of a tracer 
dose; (2) the response to pharmacological doses of thyroxine, as determined by 
increase in oxygen consumption rate, was decreased by about 30%; (3) the 
rates of iodine uptake and of thyroxine secretion by the thjToid were increased, 
the latter by at least 40%. Since the response of the oxygen consumption rate 
to triiodothyronine was also decreased by about 30% even though this sub¬ 
stance was not excreted to a significant extent in the urine, it was concluded 
that the first two changes represented primary abnormalities in iodine metabo¬ 
lism resulting from the nephrotic state and that the last was a compensatory 
change. 

T he occurrence of lowered basal metabolic rate and elevated serum 
cholesterol in patients with the nephrotic s 3 mdrome led to the sugges¬ 
tion that such patients have a metabolic disturbance allied to hypothj'- 
roidism (1). This view receiA'^ed support from the later observation of di¬ 
minished serum protein-bound iodine concentration in nephrotic patients 
(2). Recent studies haA^e indicated that th 3 'roidal uptake of iodine is in 
fact normal or increased in this condition, but there haA^e been conflicting 
reports about the state of th 3 Toxine metabolism (3, 4). Since some of the 
latter discrepancies ma 3 " haA^e been due to A'^ariabilit 3 '^ among the subjects 
Avith regard to degree of proteinuria, edema and iodine intake, the prob¬ 
lem of th 3 Toid-nephrosis interrelationships has been studied in the rat 
made nephrotic Avith anti-kidne 3 ' serum. SeAmral Aveeks after injection of 
serum, such animals haA^e proteinuria, h 3 ’^poalbuminemia and h 3 ^per- 
lipemia, but no edema. 


METHODS 

Adult male rats maintained under constant environmental conditions (77-79° F and 
40-42% relatiA-e humidity with constant lighting from 8 a.m. to 8 p.m.) were employed 
for all studies. Three types of diet were used: (a) Purina fox chow, (b) synthetic stock 
diet, high in iodine, (c) synthetic loAV-iodine diet of the same composition as (b) but 
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liaving an ioclino content of approximatelj^ 140 ng./kg. The synthetic diets were given 
by gavage or by ad lihilum feeding; tlic former method provided a daily iodine intake of 
about 3 iig. in the case of the low-iodine diet. 

Thyroidal radioactivity was calculated from the epithyroid count after correction 
for c.vtrathj'i'oidal nock activity (5). Urine was assayed in a scintillation well counter for 
total and protein-bound (insoluble in 10% trichloroacetic acid) radioactivity. O.xygen 
consumption was measured over fifteen-minute periods in an apparatus as described by 
Holtkamp el al. (G). Paper strip electroijhoresis was carried out in veronal buffer at pH 
8.6, ionic strength 0.075, at 120 vmlts for 15 hours. For localization of radioactiv%, the 
paper strips were stained with bromphenol blue, scanned and then cut into segments 3 
mm. wide. Each segment was countcfl in a scintillation well counter, and from the 
results a curve drawn of the distribution of radioactivity. 

Iodine determinations were performed on thymoid glands and serum by the method 
of Zak ct al. (7). 

Nephrosis was induced by the method of Heymann and Lund (8) 3-4 weeks be.‘’ore 
the e.xpcrimental period was started. 


RESULTS 

Studies of Thyroid Accumulation and Release of 

Accumulation gradient and thyroidal uptake. Five neplirotic and six con¬ 
trol animals previously maintained on a low-iodine diet fed by gavage for 
10 days were given 10 juc. of carrier-free Nal'®’ intraperitoneally; epithy¬ 
roid counting was then performed at hourly’- intervals for 4 hours, and the 
accumulation gradients calculated (9). A further count was taken 18 hours 
after administration of the radioiodirie. The results (Table 1) indicate a 
more rapid accumulation in the nephrotic rats, and a greater uptake at 18 
hours. 

Thyroidal release and urinary excretion of As a continuation of the 
above experiment, epithyu-oid counting was performed at 24-hour inter¬ 
vals, beginning 48 hours after injection of radioiodine. The negative of the 


Table 1. Thyroiual accumulation and release ok radioiodine in nephrosis 



Diet 

Control 

Nephrotic 

P 

Accumulation Gradient 

Gavage 

1.5+0.1 (6) 

3.3+0.6 (5) 

< .05 

Uptake (%) 

Gavage 

15±2 (6) 

32 ±3 (5) 

<.01 

Ad lib. 

37+3 (6) 

43 ±2 (6) 

< .05 

Iodine Release 

1 

1 

0.0579+0.002 (5) 

<.05 

Rate constant 

Gavage 

0.0338+0.007 (6) 

Per cent of dose 

48-144 hours 

48-120 hours 

Ad lib. 

Gavage 
Ad lib. 

0.0659+0.OIC (6) 

0.0863+0.005 (7) 

9.9 + 1.3 (5) 

8.6+0.7 (7) 

< .05 

Thyroidal 1'='’ (ng.) at mid- 

Gavage 

' 9.0+0.8 (6) 

7.5+0.6 (5) 

V A 

1 00 

1 

point of experimental 
period 

Ad lib. 

9.5+0.4 (5) 

10.0 + 1.4 (5) 


In this and all subsequent tables, the values shown are Mean ± Standard Error, while the 
number in parentheses indicates the number of animals used. 
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regi-essioEL coefficient of logarithm of thyroidal radioactivity on time was 
taken as the rate constant of release of hormoiral radioiodine. Radioac¬ 
tivity in urine was measured daily and fecal radioactivity was measured 
on pooled feces for the whole experimental period, for each animal. Immedi¬ 
ately after the last neck count, serum concentration of I‘^‘ and and 
thyroidal were measured. Separate groups of normal and nephrotic 
animals treated in an identical manner were sacrificed at the midpoint of 
the experimental period and the thyroids analyzed for these values 
were taken as approximations of the mean thyroidal for the experi¬ 
mental period in the main groups. A similar experiment was performed on 
six normal and seven nephrotic rats, maintained on a low iodine diet fed 
ad libitum for 5 days prior to injection of radioiodine; serum meas¬ 

urements, however, were not made. 


Table 2. Serum PBI and PBI”' in nephrosis 


Experiment 

i 

1 Control 

Nephrotic 

P 

1 

PBI‘” lig./lOO ml. 

3.0±0.5 

(6) 

2.3±0.3 

(5) 

> .05 


PBI”‘ % of dose/lOO m!.* 

3.6±0.9 

5.4±0.8 

i < .05 

2 

PBI'“' ng./lOO ml. 

4.9±0.3 

(0) 

4.5±0.4 

(7) 

>.05 


* 144 hours after administration of 


In both experiments the release rate constant was higher in the ne- 
phrotics (Table 1). The value of (rate constant X thyroidal iodine content) 
may be taken as an index of the rate of hormone secretion (as expressed 
for example in micrograms/day). The mean indices so calculated are .304 
for control animals and .434 for nephrotics, indicating a mean increase in 
hormonal secretion in the latter group of about 41%. In the second experi¬ 
ment the mean increase was of the order of 37%. 

By comparison with a standard, thyroidal radioactivity measured in 
vitro w&s. calculated as a percentage of the administered dose. From the 
relationship between the in vitro and final in vivo counts, release of P®' as a 
percentage of the dose was calculated for the period beginning 48 hours 
after radioiodine administration (Table 1). 

Serum PBI>"-’ values were not significantly different in the two groups, 
concentrations were considerably higher in the nephrotics 
(Table 2). The mean relative specific activities of serum PBI, calculated 
from these measurements, were 1.23 + .18% of dose per microgram for con¬ 
trol animals, and 2.82 + .53% per microgram for nephrotics. 

The urinary radioactivity is shown (Table 3) for the period beginning 48 
hours after administration of P^‘; it may reasonably be assumed that all 
inoigamc excreted after this time -was derived from degradation of 
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TaHI.B 3. UlUNAnV and I'ECAD EXCHETION of I”' after ADMIXISTnATION OF RADIOIODIXE 

(% of f^osc) 


Experiment 



Total 

Organic 

Inorganic* 

1 

Control 

Urine 

5.8+0.5 

0.00 

+ 0.01 

5.7 

(48-144 hour.s) 

(0) 






Feces 


5.3 

+ 1.3 



Nephrotic 

Urine 

11.3±1.4 

2.1 

+ 0.8 

9.2 


(5) 

F eees 


0.1 

+ 1.4 


2 

Control 

Urine 

7.0+0.0 

0.045+0.01 

7.G 

(48-120 honr.s) 

(6) 






Fecc.s 


7.9 

±2.2 



Nephrotic 

Urine 

9.1 +0.4 

2.1 

±0.2 

7.0 


(7) 

Fcce.s 


9.0 

+ 1.1 

! 



* By clifTorencc. 


labelled hormone. Urinaiy excretion of organic nephrotic animals 

was consiclerabl}^ greater than normal. In the two experiments it amounted 
on the average to 19+6 and 25 +4% of the radioiodine released from the 
th 3 noid gland, and to 1S% and 23% of the total urinary (calculated 
from data in Table 3). There was little excretion until the pro- 
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Fig. 1. Relationship between urinary 
protein and urinary Values are the 

means for the interval 4S-120 hours after 
administration of inorganic 
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teinuria reached a level of about 300 mg. per daj'- (Fig. 1); as protein excre¬ 
tion increased beyond this level, there was a progressive increase in the 
excretion of protein-bound The radioiodine content of feces pooled for 
the entire experimental period for each animal was not significantly dif¬ 
ferent in the two groups. 

Metabolism of Thyroxine and Triiodothyronine 

Control and nephrotic rats were given 0.5 ^g- of Z-thyroxine-I*^’ intra¬ 
venously and the daily urinary excretion of was measured for the next 
3 days. Before and during this experiment the animals received a high 
iodine diet on an ad libitum basis to reduce thj’-roid uptake of release 
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bj" degradation of thyroxine. It maj" be assumed that by the end of the 
experimental period virtuall}" all liad been excreted in the urine or feces 
(10). The total urinary radioactivitj'^ of the two groups did not differ sig¬ 
nificantly, but the nephrotics excreted much more in a protein-bound 
form. Twenty-two per cent of the total ui-inary in this group was pro¬ 
tein-bound, a figui'e in good agreement Avith that of the preceding experi¬ 
ment in Avhich the thyroxine had been endogenousl}'^ labelled. The total 
excreted in 3 da 3 ’s was 11 ±7%. The rate of thyroxine-P'’^ excretion 
was determined for each animal b 3 ' extrapolating to zero time a semi- 
logarithmic plot of urinary PBP®' (as percentage of dose) on time (days 
after thyroxine administration). The mean value obtained was 19 + 3% 
of the dose per da 3 \ The relationship between protein and thyroxine excre¬ 
tion in the urine was similar to that previously observed after giving Nal*” 
(Fig. 2). 

After administration of 0.07 jug. of l-triiodoth 3 wonine-I’^^ to four 
nephrotic rats, and measurement of urinary radioactivity for the next 2 
da 3 ’^s, it was found that 44.9 + 2.1% of the administered radioactivity ap¬ 
peared in the urine but onl 3 ’^ 1.0 ±0.2% of the dose was in protein-bound 
form. These values are comparable to those obtained in normal rats (20). 

When blood and urine were examined electrophoreticall 3 ’^ after intrave¬ 
nous injection of 0.5 jug. of f-th 3 Woxine-I'®S the radioactiruty in serum was 

$00 


450' 


PROTEINURIA 

(M$./ DAY) 


ISO 


URINARY PROTEIN-BOUND 

IPER CENT OF AOMIKISTEREO DOSE) 

Fig. 2. Relationship between urinary protein and urinary PBI“i after administration 
of f-thj’roxine-I“t Values for protein are means for the first three days after injection of 
thyroxine. The values for PBI'®‘ represent the rates of e.xcretions in % of dose/dav, 
calculated as described in the text. 
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Fig. 3. Distribution of radioactivity of 
f-thyro.viiK'-I’^' in normal rat serum after 
('lcctro])liorosis. 


cliptribiited in two main peaks; one corresponding in mobility to tlie inter¬ 
alpha area, and the other to cn globulin or the area between ai and albu¬ 
min. There was a small peak in the j8 globulin area as well. This pattern 
was qualitative!}" similar to that obtained in normal animals. The pattern 
in the urine differed only in that the front-running peak of radioactivity 
clearl}" coincided with the albumin peak (Figs. 3 and 4). Addition of thy- 
roxine-I^^* to nephrotic urine m vitro gave patterns identical to those ob¬ 
tained in vivo. 

On electrophoretic examination of tlie serum and urine obtained 30 min¬ 
utes after injection of 0.07 /ig. /-triiodothyronine-I'^' the radioactivity had 
the expected distribution in serum (11), showing association with the a 
globulins and extensive trailing in the regions of and y globulins; in the 
urine, however, it was associated largel}" with albumin. 

Effect of Thyroid Hormones on Ox^^gen Consumption Rate 

Ox 3 "gen consumption rates were determined before and during the ad¬ 
ministration of increasing doses of /-th 3 "roxine and Z-triiodothyronine, 


N-3 N-20 



Fig. 4. Distribution of radioactivity in serum and urine of nephrotic rats after 

injection of Z-thyroxine-I"‘. 
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Table 4. Urinary excretion of I”' in 3 days after 

OF THYROXINE-1'’' 

AUMINISTKATION 


Per cent of Administered Dose 


Total 1 

1 

Organic 

Control (6) j 

56+5 

— 

Nephrotic (13) 

49 ±21 

11 +7 


measurements being made 5-7 claj's after each increase in dose. The initial 
rates were 7.0 ±0.1 liters/M-/hour for the control and 7.2 +0.1 liters/MV 
hour for the nephrotics. Exogenous hormones were less effective in increas¬ 
ing the oxygen consumption in nephrotic animals by approximately 30% 
(Fig. 5). 

Effects of Thyroxine on Serum and Urine Constituents in Nephrotics 

The effects of th 3 ’roidectomy and of Z-thj'roxine replacement therapj" 
were studied in nephrotic and control rats maintained on a constant food 
intake administered by gavage. The results (Fig. 6 and Table 5) in the 
two groups are qualitatively similar with regard to changes in body weight, 
urinary nitrogen and serum cholesterol, but quantitative changes in the 
last parameter were greater in nephrotic than in control rats. Plasma total 
protein concentration in both groups rose considerably following thy¬ 
roidectomy, due to increases in serum globulin, especially au there was a 
variable effect on the albumin concentration. Administration of 6 Mg- of 
thyroxine daily by subcutaneous injection resulted in incomplete reversion 
to pre-thyroidectomy levels. 


DISCUSSION 


A simple model of iodine metabolism may be assumed as the basis for 
comparison of nephrotic and normal rats: 


Thyroidal 

iodine 



secretion 


E.\trathyroidal 
hormonal iodine 



degradation 


Extrathyroidal 
inorganic iodine 


excretion 



excretion 


Feces 



It was seen that the uptake of inorganic radioiodine and the rate of release 
of thyroidal radioiodine were increased in nephrotic animals. It was previ¬ 
ously calculated that the nephrotics had a small but definite increase in 
the rate of hormone release (in micrograms per da}^), of the order of 37- 
41%, that the urinary excretion of PBP®i accounted for 18-23% of the 
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Fig. 5. Effect of /-thyroxine and /-triiodothyronine on oxygen consumption rates in 
control and neplirotic rats. Each point is based on 12-45 fifteen-minute periods; vertical 
bars represent S.E.m. 



TIME 

(days) 

Fig. 6. Effects of thyroidectomy and /-thyro.xine replacement therapy on body ^®*S**^ 
and urinarj' nitrogen excretion in control (•—•) and nephrotic (o —°) rats. Measureinen 
were made daily. Values are means for 6 animals in each group. 
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Table 5. Effect of Tin'KoiDECTOMY and of thyroxine replacement on serum 
CHOLESTEROL AND TOTAL PROTEIN CONCENTRATIONS 



1 

Prc- 

thyroidectomy 

Thyroidectomy 1 

Thyroidectomy 
-f-Thyro.xinc 
(C pg./day) 

Cholesterol Change (mg./lOO ml.) 
Control (6) 

Nephrotic (0) 


i 

+ Cl ±9 
+ 100±38 

- 25 ±10 
-118±15 

Protein (gm./lOO ml.) 



8.8 

Control (G) 

7.0 

8.9 

Nephrotic (6) 

C.2 

7.9 

8.2 


total urinary and that the urinaiy excretion of PBI’®* accounted for 
19-25% of the radioiodine released frona the th 3 Toid gland. The first and 
last of these figures are, however, minimum and maximum approxima¬ 
tions, respectivelj’’, since the}'- are based on the net release of I’®’ from the 
gland. It was unfortunately not feasible to block thyroidal reaccumulation 
of by propylthiouracil, which in the usual blocking dose was lethal 
for nephrotic rats. Thus the actual release rate was higher and the propor¬ 
tion of secreted PBP^’ lost in the urine lower than the values calculated. 
It therefore appears that the increased activity of the th}'roid gland could 
be only partly the result of urinary loss of hormone. 

When tube-fed, both normal and nephrotic animals showed a decrease 
in P®' uptake and P^* release rates compared to animals fed ad libitum; 
this is in agreement with recent work of Cohn et al. (12). It is of interest, 
however, that the difference between normal and nephrotic animals was 
still apparent. 

The relative specific activity of serum PBI in the nephrotics was ap- 


Table 6. Effect of thyroidectomy and thyroxine replacement on 

ELECTROPHORETIC PATTERN OP SERUM PROTEINS IN NEPHROSIS 


Animal 

Alb. 

ai 

«2 

0*3 

3 

7 

Nephrotic 

1 

2.18 

1.88 

.89 

.31 

.73 

.63 



2.05 

2.28 

.59 

.89 

1.09 

1.22 



2.70 

1.38 

.68 

.55 

1.17 

1.63 


2 

1.89 

2.16 

1 .54 

.41 

.67 

.41 



1 .48 

2.74 

.84 

.68 

1.31 

1.05 



2.22 

2.61 

.75 

.50 

.86 

.89 


3 

1.06 

1.84 

.45 

.28 

.45 

.45 



1.17 

3.59 

.72 

.63 

.63 

.81 



1.65 

3.20 

1.13 

.83 

.77 

1.03 

Control 

1 

3.50 

1.30 

.50 

.50 

1.00 

1.10 



3.50 

1.50 

.50 

.60 

1.00 

1.30 



3.80 

1.20 

.40 

.30 

1.40 

1.10 


2 

3.20 

1.30 

.40 

.40 

1.00 

1.00 



4.10 

1.70 

.50 

.50 

1.80 

1.20 



3.50 

1.40 

.70 

.60 

1.60 

1.50 


X uj L.ILI 1 animal values snown are control (top line), thvroidei 
loplacement therapy with G fig. of f-thyroxine dail 5 '- (bottom linc). 
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proximatcly twice as great as tliat of tJie normals; this is sufficient to ex¬ 
plain the increased excretion by the nephrotics of inorganic since this 
was derived from t.hyroxine degradation. 

Wlien labelled thyroxine was injected, the total amounts of P'*' excreted 
by the conti-ol and nephrotic animals were not significantly different. How¬ 
ever, in the latter group a considei-able amount of this -ivas lost as thyroxine 
and consequently not biologicall.y effective. 

The degree of such loss varied with the degree of proteinuria. The rela¬ 
tionship between the two parameters, as observed in the rat (Figs. 2 and 
3 ), may be explained (a) by a distinct Tm for the thjwoxine-binding pro¬ 
tein, or (b) b}^ tlie assumption that the th3U-oxine-binding globulin is a 
large or asymmetrical molecule which does not pass the glomerular filter 
until this is severel}' damaged, as reflected in proteinuria of 200-300 mg. 
dail}\ 

The electrophoretic studies were performed bj' conventional horizontal 
technique and therefore ma}’ suffer from certain artifacts of quantitation 
in the distribution of the th^moxine ( 13 ). However, for comparative pur¬ 
poses the results are valid and indicate, in contrast to the findings of Rob¬ 
bins cl al. ( 14 ), that in the normal rat th3TOxine is carried as in man ( 11 , 
15 , 16 ), in association with a th3Woxine-binding a globulin and with albu¬ 
min. A similar pattern was obtained in the serum and urine of nephrotic 
rats. 


The ox3^gen consumption studies indicate a normal rate of ox3'gen con¬ 
sumption b3' nephrotic animals. However, responsiveness to t]i3TOxine was 
decreased b3^ approximatel3'’ 30 %; this might be partly but not entireb^ at¬ 
tributable to urinar3^ loss of the injected hormone. On the other hand, 
there was a similar decrease in response to triiodoth3U-onine, 3''et urinaiy 
loss of this material was negligible. The effects of th3woidectom3^ and th}^- 
roxine replacement therap3^ on nitrogen excretion, serum globulins, serum 
cholesterol and bod3" weight were qualitative^^ similar in normal and 
nephrotic rats, and Avere similar to those previousl3^ described ( 17 , IS, 19 )- 
The greater effect of treatment on cholesterolemia in nephrosis is difficult 
to interpret because of the pre-existing disturbance in cholesterol metab¬ 


olism. 

The findings presented above indicate that in experimental nephrosis a 
considerable amount of th3a’oxine ma3' be lost in association with protein 
in the urine and that there is a decreased responsiveness to administered 
thyroid hormones which can be attributed onb^ in part to this urinary loss. 
These abnormalities are apparentb^ compensated 63^ an increase in thyroic 
activit3'^; the adequacy of compensation is shown b3'^ the serum FBI levels 
and ox3^gen consumption rates, which under “normal” conditions weie 
equal to those of control animals. The decreased peripheral response to 
th3n-oid hormones was apparentb'' unrelated to an3r gross change m le 


mechanism of hormone transport. 
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The present results are compatible with those of Rasmussen (4), ob¬ 
tained in nephrotic patients, indicating that urinaiy excretion may account 
for a significant fraction of the thyroxine entering the circulation. If the 
observed relationship between urinaiy thyroxine loss and proteinuria ap¬ 
plies to the human, disagreement (3, 4) concerning the extent of thyroxine 
loss ma}' be related to onl}' small differences in degi'ee of proteinuria in the 
subjects studied. 

The relationship of experimental nephrosis to the nephrotic syndrome 
in humans is far from clear. The gross manifestations are identical, prob¬ 
ably because these are consequent on massive proteinuria in both cases. 
In the present work the major difference between the two states is the ap¬ 
parent inabilit}’ of the human to compensate for the two abnormalities in 
thyroxine metabolism, so that the BMR and serum FBI remain low. Ras¬ 
mussen (4) has postulated that this is due to a degree of ly^popituitarism 
secondary' to protein deficiency. That this apparentlj' did not obtain in the 
nephrotic rat maj' be a manifestation of differences in the metabolic chan¬ 
neling of available protein rather than of a fundamental difference in thy¬ 
roid function and iodine metabolism. 
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TI-IYROID EPITHELIUM IN TISSUE CULTURES^: 

OBSERVATIONS ON THE MORPHOLOGY AND 
FUNCTIONAL CAPACITIES OF EMBRYO 
CHICK THYROIDS 
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Departments of Biology and Medicine, The University of Texas il/. D. Anderson 
Hospital and Tumor Inslilutc a?id the Tissue Culture Laboratory, 

Hermann Hospital, Houston, Texas 

ABSTRACT 

Cliick ('inbryo tliyroid fragments were cultivated in special tissue culture 
chambers designed primarily for cytological investigations of the living cell. 
Emploj-ing timc-laijse techniques three secretory phenomena were observed. 
These were associated with (1) cytoplasmic droplets which were equivocally 
PAS positive and (2) cytoplasmic phase contrast green granules, the localization 
sites for 1'^'. Chicken whole egg ultrafiltrates stimulated the epithelial out¬ 
growths to a marked degree but this was not apparent for the fibroblastoid 
stromal elements. 

I N 1911 Carrel and Buri'ows (1) desci'ibed tissue culture outgrowth of 
thju'oid glands from dogs, cats and guinea pigs predominate!}’' as fibro¬ 
blastoid with occasional epitlielial sheet emigrations. Since their presen¬ 
tation four reports (2-4 and 23) have indicated the occurrence of epithelial 
outgrowths from thyroid tissue cultures but the bulk of analyses (5-21) 
have been limited to studies of whole gland sections after in vitro cultiva¬ 
tion. Previous reports indicated that tissue cultures of chick embryo (3) 
and young adult rabbit (4) epithelium were not functioning. This report 
introduces data using other tissue culture techniques which demonstrate 
a functional capacity of chick embryo epithelium. 

MATERIALS AND METHODS 

(1) Thyroid source. Fertile eggs of a hj-^brid strain (New Hampshire redsXwlntc 
leghorns) were used as outlined in previous reports (29 and 30) at eight and one-half 
days and at thirteen da 3 's of incubation. Tlyyroid glands were removed with fine forceps 
and immediately immersed in Medium No. 1036 (a variation of Medium No. 858 (31)), 
trimmed of as much connective tissue as possible and then divided with scalpels. 

(2) Cultivation. Three or four pieces of divided tl^u-oids were placed on a sterile No. 

] (43X50 mm.) coverslip in a drop of heparinized cockerel plasma. The embr.vonic 
thju'oid alone produced a firm clotting of the plasma so that additional embryonic extract 

Receiv'ed June 6, 1958. 
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2 Mailing address: Tissue Culture Laboratorj^, Hermann Hospital, Houston, Tcx.as. 
Pi'esent addi'ess: Brigham Young University, Provo, Utah. 
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was not necessary. The rubber gaskets and opposing coverslips were then positioned and 
the multipurpose culture chambers (24-27) closed. Eight to twenty-four chambers were 
set up in this way for each experiment. Generali^', a half or a third of the chambers were 
selected at random as the control and these were filled with 2 ml. of Mcdhim No. 1066. 
The experimental groups were filled with Medium No. 1036 which contained varying 
percentages of chicken whole egg ultrafiltrate (28). Fluids were exchanged after the 
first two or three days and after five or six days. 

(3) Phase contrast observations and recording. Each explant was examined with the 
phase contrast microscope for total growth and epithelial sheet emigration. Epithelial 
activity was recorded by the time-lapse camera on color and black and white movie film 
as it was observed through AO-Baker interference and B&L phase contrast microscopes 
(22 and 23). 

(4) PAS staining. Colloid formation was ascertained by PAS staining according to 
modified techniques of Hotchkiss (32) and others. 

(5) Radioactive iodine (P^*). Explants cultivated five to six days were exposed for 
a 24-hour period to nutrients which contained in addition to their control or experi¬ 
mental ingredients I”' (1 n curie/ml.). After this exposure the cultures were fixed in 
formol, washed in water and covered with stripping film fKodak) in a manner outlined 
elsewhere (33). 

(6) Thyroid Stimulating Hormone (TSH). A commercial preparation of the Armour 
Laboratories {Thytropar) was used as the thyroid stimulating hormone in these studies. 
This lyophilized product was diluted with appropriate amounts of Medium No. 103J 
just prior to its introduction into the chambers so that the cultuies received 0.5 unit 
(U.S.P.) per one ml. 


RESULTS 

The following general description of development of these thjwoid frag¬ 
ments within the culture chambers applies to both the 85 - and 13-day 
embryo thyroids. 

Phase contrast observations. After one day of cultivation a few cells of 
unclassified origin emigrated around the peripheral edges of the explants. 
Adjacent to many explants there was a circular or oval Ij'^sed area in the 
clot. In some cases, by the second day, spindle cells emigrated around the 
peripheral edge of this Ij’^sed portion of the clots which had generallj" en¬ 
larged since the first da^’^ and syncy tia grew on the glass into these clear 
areas. In other instances, syncytial sheets grew outside of the ly^sed area 
and directly upon the surface of the clot. After five or six days of cultiva¬ 
tion the epithelial cells had definite membrane borders and the amount of 
fibroblastoid outgrowth varied widely among the explants (Figs. 1 and 2 ). 
Large cytoplasmic droplets occurred within the epithelial cells (Fig. 3 ), 
notably in those forming the periphery of the sheets. Generally, these drop¬ 
lets were singular but occasionally cells were noted with many^ lesser-sized 
droplets (Fig. 4). Mitotic divisions were rarely^ observed in these epithelial 
sheets. The nuclei were regular and small ( 8-10 p) and generally^ had one 
prominent nucleolus. The cydoplasm contained varying amounts of coarse 
granules and these too occurred more abundantly in cells at the peripheiy 
of the epithelial sheets (Fig. 2 ). Some of these granules lay' adjacent to and 
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on the surface of the large cj'toplasmic droplets (Fig. 3). At the borders 
of the epithelial sheets there were points at which the cells were denser, 
rounder and more granular, h'lany of these cells also contained the cyto¬ 
plasmic droplets and several large coarse granules. Careful observation 
revealed that many of the cytoplasmic granules appeared green regardless 
of their size when viewed with the phase contrast system (B&L). With 
bright field optics they were faintly j'ellow. 

Twie-lapse motion pichire studies. This method of analysis was especially 
useful for studying epithelial activity. The large cytoplasmic droplets were 
observed in an effort to determine whether they were involved in a secre¬ 
tory phenomenon. Cells possessing these droplets moved slowly to the 
edges of the epithelial sheets and there in an un-elicited manner the drop¬ 
lets disappeared as the cells became spheroidal, granular and detached 
from the epithelium. Some of these detached cells passed into the fluid 
medium (Figs. 5-9). The fluid of cytoplasmic droplets in other cells was 
rapidly eliminated (one or two minutes) b}”^ a rupture of the droplet wall 
(Figs. 10-14). A third activity involving a fluid droplet occurred as a 
rather violent cellular activity which resulted in a protoplasmic flow 
through a ruptured cell wall. In doing this, the droplet also was lost from 
the cell (Figs. 15-29). 

PAS staining. The explants of cultures subjected to this technique 
appeared a deep magenta. In some cases the cytoplasmic droplets demon¬ 
strated a positive PAS stain but the densit}’’ of their coloration was light 
as compared to those of the explahts. The phase contrast green granules 
previously mentioned which are also those cited with reference to radio¬ 
active iodine were not involved in this PAS staining. Cells which had 
migrated to the periphery of the epithelial sheets and had rounded as previ¬ 
ously described were PAS positive even after diastase digestion. 

Radioactive iodine (P^*). Cultures which were subjected to radioactive 
iodine m vitro and prepared for stripping film analysis demonstrated that 


Figs. 1-4. Thirteen-day embryo chick thyroid epithelium growing on glass slides 
in multipurpose culture chambers for five to seven days as observed through the phase 
contrast microscope. 

Fig. 1. Epithelial sheet (Epi) surrounded by a fibroblastoid stroma (f). X125. 

Fig. 2. Periphery of epithelial sheet with coarse green granules at its limiting edge, 
cytoplasmic droplets scattered throughout and encroaching fibroblastoid cells (f) 
X125. , , 

Fig. 3. Oil immersion (1.8, mm.) view of several epithelial cells which possess large 
cytoplasmic droplets (dr) and coarse green granules (egg) scattered throughout the cyto¬ 
plasm and in close proxiihity with the cytoplasmic droplets. Note the adjacent location 
of the nuclei (N) to the three largest cytoplasmic droplets. X1200. 

Fig. 4. Here is a less common.oygurring multiplicity of cytoplasmic droplets about the 
nucleus. This formation was seen most commonly in cultures containing serum supple¬ 
ments and was not observed in epithelialization such as demonstrated in Fig. 2. X550 
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the coarse cytoplasmic granules (green with phase contrast) were the sites 
affected by the With the exception of adjacent coarse gi-anules, the 
cjdoplasmic droplets Avere not involved Avith the I'®‘. The greatest concen¬ 
tration of radioactivity occurred in cells at the periphery of the epithelial 
sheets. The adjacent spindle cells occasionally demonstrated an con¬ 
centration; hoAvever, explants from supportive tissues Avhich shoAved only 
spindle cell outgroAAdh Avithout clot lysis did not demonstrate this activity. 
Epithelium cultivated in Medium No. 1066 AAuth or Avithout the Avhole egg 
ultrafiltrate demonstrated uptake in a similar Avay. 

Thyroid Stvimlating Hormone {TSH). With the time-lapse movie equip¬ 
ment an epithelial cell Avas observed to develop a perinuclear cytoplasmic 
droplet after TSH (0.5 U.S.P. units/ml.) AA'as introduced into the nutrient 
fluid. FolloAA'ing this development, the droplet suddenly disappeared by 
the method indicated previously (Figs. 10-14) in Avhich the fluid droplet 
was lost to the nutrient medium by a rupture of its Avail. 

Growth vs. Chick Whole Egg Ultrafiltrate. Table 1 summarizes the effect 
on the total groAvth of explants and their capacity to proliferate epithelial 
sheets under the aegis of a control {Medium No. 1066) nutrient versus one 
which contained chicken whole egg ultrafiltrate. The top half of Table 1 
summarizes the data of the 85 -day chick embryo thyroids cultivated in a 
control nutrient and in one containing Avhole egg ultrafiltrate (5%) for 
5.5 days. This series comprised a study which involved eight experiments 
and an analysis of 345 explants. Of the control group, 67% of the explants 


///// 

" 

Eigs. 5-9. This series A\'as taken from a 16 mm. time-lapse movie sequence and repre¬ 
sents an analysis oA^er a four-hour period of an 8.5-daj" chick-embr 5 m thyroid after five 
daj-s of cultiAmtion (cell A). The series was originally recorded on Kodachrome “A” film 
as viewed through the .40-Baker interference microscope. XIOOO. 

Fig. 5. This cell has two cytoplasmic droplets, dr, and dr^. The nuclear area is located 
to the right of these two droplets. 

Figs. 6-7. The cell is seen to be moving in a counterclockwise direction and one of the 
droplets, dr 2 , Avas either released or combined AA'ith dr, after Fig. 7. 

Fig. 8. Only one fluid droplet is now observable and from observations made of the 
projected sequence it appeared to be dr,, possibly dr, plus drj. 

Fig. 9. The cell in this illustration is noAv a globose mass detached from the epithelium 
of its origin and ultimately will drift into the fluid nutrient. This type of cell demon¬ 
strated the most marked uptake of 

Figs. 10-14. This series of an 8.5-day chick embryo thyroid cultivated for five days 
was similarly taken from a 16 mm. time-lapse movie originally made on Kodachrome 
“A” film and observed through the AO-Baker interference microscope. The sequence 
shows a pair of prominent cytoplasmic droplets (drs and dr 4 ) contained ivithin cell B. 
Several smaller fluid droplets are also noted. One droplet (drj) which i,s the most central 
and largest may be followed to rapidly diminish in size. In the movie projection this Avas 
visualized as a “popping” of the fluid droplet and rendered the impression that the 
fluid was suddenly released through the thin cellular Avail into the fluid nutrient. The 
sequence time AA’as four minutes. XIOOO. 
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Iablk 1. GnowTii kksults aftiofi 5.5 days of cultjvation of 8.5-day 

CHICK EiMHIlYO THYUOIDS (SUMMAHY OF EIGHT EXI’EKIAIEiN’Ts) 




Control 

(lOGO) 



Experimental 
(lOGG-WE 5%) 


(a) 

(1)) 

(c) 

(a) 

(b) (c) 

Totals 

GroAvtli 

Epithelium 

178 

111) 

67% 

20% 

3G 

1G7 

128 63 
77% 

38% 

GhOAA’TH ItESUIiTS 

AFTEU 5 DAYS OF C’UI/ITVATION OF 13-DAY 
(SU.AIMAUY OF EIGHT EXI’EUI.Ain.\-T.s) 

CHICK EJIBRYO THYROIDS 



Control 

(lOGG) 



Experimental 
(1006-WE 5%) 


(a) 

(b) 

(c) 

(a) 

(b) (c) 

Totals 

GroAA’lh 

Epithelium 

201 

ISO 

90% 

22% 

‘15 

245 

232 188 

95% 

77% 


Control {1000). E.vplanl.s in pla.wnia clof.s (no EE) and fluid niitriont coinpo.scd of Medium 
#10GG. 

Experimental (lOOG-WE o%). Explants in plasma clots (no EE) and fluid nutrient corn- 
composed of Medium i?10GG with whole egg ultrafiltrate (5%). 

(a) Total number of cxplants for given experiment. 

(b) Number of explants demonstrating any type of cellular emigration. 

(c) Number of explants demonstrating epithelial sheet emigration. 

Groiof/i. Percentage of explants with emigrating cells of any tj'pe. 

Epithelium. Percentage of exiilants with epithelial sheet emigration. 


had outgrowths (from a few to an abundance of emigrating cells) whereas 
in the experimental group wliich contained the whole egg ultrafiltrate 
(5%) 77% of the explants demonstrated this type of outgrowth. In the 
control group, 20% of the explants had some degree of epithelial emigra¬ 
tion Avhereas in the experimental group 38% of the explants had a similar 
emigration. Tliis represented a 10% increase for the explants with out¬ 
growths and an 18% increase for the explants with epithelial emigrations 
in the experimental group. The lower half of Table 1 represents a similar 
analj^sis of IS-da}^ chick embryo thyroids after five days of cultivation. 
Both the control and experimental nutrients were identical to those for 




Figs. 15-29, These pictures of an 8.5-day chick embryo thyroid cultivated 
daj^s were taken from a 16 mm. time-lapse film originally taken on Kodachrome A. 
The}" Avere observed through the AO-Baker interference microscope over a period of four 
hours and represent a recorded form of secretory actiidty. X600. 

Fig, 15. The cytoplasmic area before secretory activity was noted. 

Figs. 16-19. Violent cellular activity (VGA) ivlrich preceded the protoplasmic Aoaa 


onto the glass substrate. 

Figs. 20-22. Here the protoplasmic fioiv (pf) is indicated to follow the violent ccllu ar 
actiAuty and occurred at the same position. 

Figs. 23-29. Pictures successively shoAV the emergence of a single large fluid dropc 
(dr) from the interior of the cytoplasm to its most peripheral portion. 
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the S.]-d£i.y tJiyroids. TJiis study involved eight experiments and an anal¬ 
ysis of 4d6 explants. I]i tlie control group 90% of the explants demon¬ 
strated some type of outgrowth and in the experimental gi'oup 95%. In 
the control group, 22% of tlie explants demonstrated an epithelial emi¬ 
gration and in tlie experimental group, 77%. The total outgrowth was 
then 5% greatei- in the experimental group which contained the whole 
egg ultrafiltrate (5%) and the epithelial emigration of the experimental 
group w'as 55% greater than the control group. A similar analysis of 13- 
daj^ chick embryo thyroids in control and experimental groups which 
contained vaiying amounts of the whole egg ultrafiltrate (1, 2, 5 and 10%) 
was carried out in four smaller expeiiments. The outgi’owths in every con¬ 
dition (controls and experimental groups) were in excess of 90% with the 
exception of the whole egg ultrafiltrate 2% which was recorded at 81%. 
The epithelial emigi-ation for the control was'33% whereas for the whole 
egg ultrafiltrate groups it was in excess of 6G% with a maximum of 75% 
for the whole egg ultrafiltrate (5%). 


DISCUSSION 


Primaril}^, this study has attempted to show that (1) the epithelial cells 
which emigrated from embiyo chick tlymoicls were cells which retained at 
least a part of their functioning capacity and (2) chicken whole egg ulti’a- 
filtrate specificallj^ assisted in the reduplication of these epithelial cells bj' 
the technique emplo 3 ^ed. We felt that the first point was a basic considera¬ 
tion which must be proved or disproved before the effect of certain agents 
incorporated into the nutrient media could be evaluated. If we could not 
establish that the epithelial emigration consisted of tlymoid functioning 
cells, then an)" means bj" which we might stimulate the growth of such an 
epithelium would have less importance. The fact that the work of Gon¬ 


zales (3) did not reveal FAS positive droplets within the epithelial sheets 
of chick embiyo thju'oids cultivated in roller tubes and the fact that 
Oppenheimer el al. (4) were unable to stimulate activit)" in the rabbit 
thyroid epithelium after TSH had been incorporated into the nutrient, 
nor to observe stripping film emulsion reduction after had been incoi- 
porated into the nutrient did not deter pursuit of this basic information. 
In the work of Gonzales it seemed quite likel}" that the droplets of the epi¬ 
thelial sheets were so flat (less than 1 fj.) compared to the droplets in the 
explants themselves that the)" appeared as a negative PAS reaction. When 
we observed epithelia which contained large cytoplasmic droplets, we con¬ 
sidered this possibility and -with very critical illumination were able to see 
these droplets in some cases as a fuchsia of positive PAS reaction. Some 
slides demonstrated this to a greater extent than others. 

When 5- and 6-day-oId cultures were influenced by nutrients whicli 
contained radioactive iodine fixed and subjected to stripping A ni 

photographic techniques, it was noted that the phase contrast green cyto 
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plasniic granutes in the epithelial cells were the sites of radioactive uptake. 
It was felt that the green granules of the living and fixed cultures must 
have the same optical density and therefore, represented the same or¬ 
ganoid. These granules (living or fixed preparations) were prominent in 
the peripheral cells, particularly in those which had rounded, and, there¬ 
fore, have taken on a metabolic importance which demands further investi¬ 
gation of this type. Their increasing numbers in the peripherallj'- located 
cells which are being shed from the sheets point to the functioning ca¬ 
pacity of these tissue cultures (34). 

In following these epithelial sheets with cinematography we were con¬ 
fronted by three potential means of cellular secretion. All of these methods 
were observed more than one time so it would be difficult to pass them off 
only as unusual events. All three phenomena involved the cytoplasmic 
droplets and, therefore, they were assumed to contain a secretory product. 
Since the droplets were equivocally PAS positive and did not take up the 
they were probably a colloid source, perhaps a precursor. The lumi¬ 
nous-phase-contrast-green granules which did take up the P®’ were prob¬ 
ably associated with thyroxin production. 

On several instances the thyroid stimulating hormone Thytropar 
(Armour) was introduced into tissue culture chambers which had been 
observed for a previous period. Although this was a tedious procedure 
involving cinematographic and still-camera time-lapse methods it was 
apparent that the cytoplasmic droplets did increase in numbers during 
the first twentj’’-four hours. This was not offered in the Results section 
because occasionally we saw an increase of cytoplasmic droplets occur in 
cultures which had not received this hormone. 

In the analyses which involved thyroid growth in the presence of con¬ 
trol {Mednim No. 1066) and experimental (Mednim No. 1066 plus whole 
egg ultrafiltrate) nutrients, there appeared to be a consistent increased 
epithelial stimulation in the S|-day embryo thyroids as well as a con¬ 
comitant but lesser increase in the total growth of these explants due 
to the whole egg ultrafiltrate. The increase did justif}'' further evalua¬ 
tion of another age group (13-day chick embryo thyroid). Within this 
group we found an extreme epithelial surge which was not paralleled 
by the total explant outgrowth inasmuch as this was alread}^ at a high 
value (90%). There appeared to be a real need or a mechanism of utiliza¬ 
tion by this age explant for the whole egg ultrafiltrate as the epithelial 
response was more than three times greater than in th 3 Toid explants culti¬ 
vated in its absence. The anatysis indicated, too, that even verj'’ small 
amounts of the whole egg ultrafiltrate affected epithelial proliferation. In 
anal 5 '^zing the control groups of both 8^- and 13-daj'' chick embrj^’o thj'roids 
the epithelium was often just barety perceptible and in some cases it 
appeared to be damaged or waning and was not considered to appear as 
healthj" as those cultivated in the whole egg ultrafiltrate. The figures then 
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ai-e misleading with i-cspect to the amounts of epitlielium proliferated in 
the various conditions. 
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A DIRECT INFLUENCE OF 5-HYDROXYTRYPTAMINE 
ON THE ADRENAL CORTEX^ 

HARRIS ROSENKRANTZ 

TForcesfer Foundation for Experimental Biology, Shrewsbury, Massachusetts 

ABSTRACT 

An in vitro comparison of adrenals treated with and without 5-h3'droxy- 
trj’ptamine (serotonin) has permitted the demonstration that serotonin has a 
direct effect on the adrenal cortex. An increase in the secretion of blue tetra- 
zolium (BT) reactive reducing material was elicited bj" serotonin from the 
adrenals of rabbits, guinea pig, rat and cow. The response was observable at 
serotonin levels between 100 to 1000 /jg./pair of adrenals. Neither reserpine 
nor epinephrine had a comparable effect and no alterations in BT-titers were 
found in kidnej’ and liver slices treated with serotonin. Although serotonin had 
a similar quantitative effect like ACTH on adrenal BT content, the serotonin 
influence could be distinguished bj' the appearance of non-a-keto!ic reducing 
material. The nature of the increased BT material has been partiallj' sug¬ 
gested b}’- its chromatographic and biological behavior. On silica gel columns 
and toluene-propjdene glj'col chromatograms, the BT substance (s) migrated 
similarlj'- to steroids. The material also c.xhibited sodium retention activitj-- 
greater than deoxj^corticosterone. The labilitj" of the material has prevented 
identification while the non-a-ketolic reducing compounds have not been in¬ 
vestigated at the moment. The possible biological importance of this adrenal 
reaction to serotonin was discussed. 

I N A recent publication Moussatche and Pereiro (1) postulated the 
liberation of adrenocorticotropin (ACTH) bj’’ S-hj’^droxj’-tryptamine 
(serotonin). These investigators obtained a decrease in adrenal ascorbic 
acid after intravenous injection of serotonin into the intact but not the 
hypophysectomized rat. It was of interest to us to determine whether 
serotonin could elicit a direct effect upon the adrenal. B}'- m vitro com¬ 
parison of serotonin-treated and untreated preparations of adrenal tissue, 
it was possible to assign a stimulating activity of 5-hydroxjdryptamine 
precisely to the adrenal cortex itself. In the presence of serotonin the con¬ 
tent of the reducing substances associated with the steroid fraction of the 
adrenal was increased. Neither reserpine nor epinephrine could bring forth 
a comparable elaboration of blue tetrazolium reactive material. 

METHODS AND EXPERIMENTAL 

Adrenals from rabbits, guinea pigs or rats were dissected into quarters or si.xths and 
were incubated for 2 hours in Krebs-Ringer phosphate buffer containing glucose (2, 3). 
Eight ani mals of each species were emplojmd so that a representation of each adrenal 

Received June 13, 1958. 
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from each animal was present in all the Warburg flasks used in a particular experiment. 
Adrenal homogenates were also studied and the.se were prepared by grinding 8 pairs of 
adrenals in 25 ml. of medium in an all glass homogenizer for approximately 2 min. Debris 
was removed by filtration through cheesecloth. Adrenal cortical slices from the cow 
were also investigated. 

When glands were relatively large, the incubation flasks contained 30 to 50 mg. 
(dry wt.) of tissue in 3 ml. of solution. Lc.ss available tissue (8 to 15 mg. dry wt.) as in 
the case of the rat adrenals was incubated in 2 ml. volumes. The compounds to be tested 
were tipped in from the side arm after the manometers were equilibrated. Astwood's 
oxycellulose purified ACTII was used as a standard to indicate the capacity of the 
adrenal to res])ond and was compared with 5-hydroxytryptamine (as the creatinine 
sulfate), rcserpinc and epinephrine. Tlie gaseous phase was alwaj's 100% o.xygen. 

After incubation, the medium and a h or 1 ml. rinsing of the flask were transferred to 
a 5 or 10 ml. gla.ss stoppered tube containing an equal volume of specially purified 
methylene chloride ( 2 ) and shaken. .Aliquots of the organic layer from a single e.xtraction 
were subjected to anal 3 'sis for reducing material. In the blue tetrazolium test (BT), the 
sample was dissolved in 0.5 ml. ethanol and 0.25 ml. of 0.018N tetramethylammonium 
h 3 droxidc was introduced followed b 3 ’ 0.25 ml. of 0.1% blue tetrazolium in ethanol (3). 
An estimate of non-a-ketolic substances like tocopherols, vitamin K and 5 -h 3 "dro.xyindole 
derivatives that might be extracted into the metlndene chloride was obtained by the 
ferric chloride-a,Q:'-dip 3 'rid 3 ’l test (EE)(3).- The sample was dissolved in 1.5 ml. ethanol 
and alternately mixed witli 0.25 ml. of 0.4% a,a'-dipyridyl in absolute ethanol and 0.25 
ml. of 0 . 2 % ferric chloride in methanol. Readings at 520 mp were taken 30 seconds after 
addition of the ferric chloi'ide. Subtraction of EE values from BT levels would correct 
the steroid samples for possible non-steroid substances that give a positive BT test. 

Attempts at isolation of the reducing material were carried out by incubating larger 
quantities of rabbit and rat adrenal tissue. Representative portions of each adrenal 
from 32 rats were incubated with and without serotonin under similar conditions used 
for the small scale studies. This was repeated using the whole or demedullated adrenals 
from groups of 12 rabbits. The pooled quartered glands served as their own controls; 
an initial if hour incubation contained no serotonin and was followed b 3 ’’ an identical 
interval of time with fresh medium and serotonin. The corresponding metlndene chloride 
extractions were taken down to dr 3 ’ness under vacuum and the residues were chromato¬ 
graphed. Pooled residues from extracts of adrenals from more than 100 rabbits were 
introduced onto a gm. 5 silica gel column which was eluted consecutive^ with 40 ml. 
volumes of benzene, benzene-meth 3 dene chloride mixtures, eth 3 d acetate and methanol. 
Pooled residues from extracts of adrenals from less than 30 rabbits were subjected to 

paper chromatograph3’^ in toluene-prop3dene gl3mol or toluene-cliloroform-etlndene 

gl 3 mol for 16 to 24 hours (4). 


RESULTS 


The results of these studies are given in Tables 1 and 2 with all deternn- 
nations performed in duplicate. Neither creatinine nor sodium sulfate 
could elicit the response of serotonin creatinine sulfate. In Table 1 may be 
seen the influence of serotonin on quartered rabbit adrenal. A clear in¬ 
crease in blue tetrazolium reactive material has been elicited. Identica 
results were obtained with demedullated adrenal preparations. This in¬ 
crement in reducing substances becomes especially significant since the 


2 Rosenkrantz, H., Arch. Biochem. & Biophys., in press. 
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Table 1. The influence of 5-iivDKOXYTBYrTAMiNB on the content of reducing 

MATERIAL IN THE QUARTERED RABBIT ADRENAL* 


Experiment 

Additive 

Corrected BT| 

EE 

Change 

1 

0 

(ig./lOO mg. dry 
76 

weight 

0 

% 

ACTHt 

161 

0 

-fllO 


1 mg. 5-HTA§ 

127 

97 

-f 68 

2 

0 

78 

0 



ACTH 

121 

0 

+ 55 


0.5 mg. 5-HTA 

117 

27 

-k 50 


1.0 mg. 5-HTA 

122 

53 

-k 56 

3 

0 

24 

0 



ACTH 

43 

0 

-k 79 


0.5 mg. 5-HTA 

41 

28 

-k 70 


1.0 mg. 5-HTA 

75 

48 

-k212 


1.0 mg. epinephrine 

14 

0 

- 41 


0.5 mg. rescrpinell 

20 

14 

- 10 

4 

0 

45 

0 



1.0 mg. 5-HTA 

123 

15 

-kl73 


1.0 mg. reserpinc 

53 

5 

-k 17 


* The rabbits weighed approx. 2000 gm. and both sexes were vised. 

t EE and BT values are based on serotonin and cortisol standards. Subtraction of the 
EE titers from the BT level corrects for interference by serotonin metabolites that may have 
been extracted. Serotonin and a-ketolic steroids give approximately equimolar densities in 
the BT test. 

t S units of Astwood’s ACTH used. 

§ S-HTA = 5-hydroxytryptamino (serotonin) creatinine sulfate, 

11 Added as a suspension. 


Table 2. The influence of 5-hydhoxytryptamine on the content of reducing 

MATERIAL IN QUARTERED ADRENALS FROM OTHER SPECIES 


Species 

Additive 

Corrected 

BT* 

EE 

Change 

Guinea pig 

0 

fig./lOO mg. dry weight 

7 0 


(000 g., males) 

ACTH 

20 

0 

-kiss 


0.5 mg. 5-HTA 

9 

1 

+ 22 


1.0 mg. 5-HTA 

23 

9 

-klOO 


1.0 mg. reserpine 

0 

1 

- 14 


1,0 mg. epinephrine 

6 

1 

- 14 

Rat 

0 

260 

0 


(250 g., females) 

ACTH 

310 

0 

-k 19 


1.0 mg. 5-HTA 

300 

200 

+ 15 

Rat 

0 

171 

0 


(250 g., males) 

ACTH 

200 

32 

-k 17 


1.0 mg. 5-HTA 

210 

231 

-k 22 

Ratt 

0 

200 

0 


(250 g., male.s) 

5-HTA 

280 

120 

-k 40 

Cow 

0 

20 

0 


(slices) 

ACTH 

30 

0 

-k 15 


1.0 mg. 5-HTA 

31 

5 

+ 19 


1.0 mg. epinephrine 

21 

0 

- 19 


1.0 mg. reserpine 

22 

0 

- 15 


-p-p values are based on serotonin and cortisol standards. Subtraction of the 

titers from the BT level corrects for interference by serotonin metabolites that may have 
Serotonin and a-ketolic steroids give approximately equimolar densities in 


t Determinations from a large scale incubation. 
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values of the iiou-a-ketolic compounds (those that i-eact with ferric chlo- 
ride-clipyridyl) iurve been suljtractcd fi-om the total BT content. A plot 
of the elaboration of feri’ic chloride and blue tetrazolium reducing ma¬ 
terial, resjDcctively, is given in Figure 1 for varying concentrations of 
serol,onin. In the case of the EE curve, EE control levels were subtracted 
from each point. For the BT content both BT control levels and total EE 
titers were subtracted at each dose level of serotonin. It can be seen in 


J;5o 

(V 



SEROTONIN 


Fig. 1. The ehiboration of reducing ma¬ 
terial from rabbit adrenals induced bj’ 

serotonin: X-X ferric cliloride-dip}'- 

rid}’! reaction.-blue tetrazolium 

levels. 


Figure 1 that after a slight lag period that both EE and BT concentration 
of the incubation medium increase similarl}" and plateau at a serotonin 
level near 1000 /xg. 

That this is not a non-specific effect of serotonin is demonstrated bj^ 
the lack of a comparable effect by epinephrine or reserpine (Table 1). The 
elevation of adrenal BT material is of the same order of magnitude as 
brought forth by ACTH stimulation. The mean percentage increase due 
to ACTH was 81 while that of serotonin was 105. Both substances required 
oxygen and glucose for maximum effect. It is realized that the dosages 
used for both ACTH and serotonin are much greater than those needed for 
in vivo stimulation. Kidney and liver slices were used as control tissues an 
serotonin did not alter their BT-titers. 

A distinction between the ACTH and serotonin effects can readily be 
made on the basis of the EE reaction. Little or no material which gave a 
positive EE test was produced in the presence of ACTH while 5 -hydrop 
tryptamine caused the release of significant quantities of this mateiia • 
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5 -H 5 "drox 3 ^tr}^ptaniine did not interfere with either the BT or EE anabases 
since less than 0.5% of it was extracted into the organic solvent. 

Examination of Table 2 confirms the direct influence of serotonin on 
quartered adrenals in other species. The adrenals from guinea pig, rat and 
cow responded to serotonin with a significant increase in BT material. 
However, it maj^ be observed that this stimulatorj'^ influence was not as 
profound for the rat and cow adrenal as in the cases of the rabbit and 
guinea pig adrenals. The EE reducing material also increased and this 
was true for the cow adrenal too. Although the response of adrenal corti¬ 
cal slices from the cow is poorl}’- discernible, it was felt that a shorter pe¬ 
riod between obtaining the glands at the slaughter house and performing 
the experiment would possiblj’’ improve the stimulation. 

The influence of S-hj'droxjTrj’^ptamine on adrenal homogenates was 
inspected and a species difference becomes obvious since rabbit adrenal 
homogenates responded to ACTH and serotonin while adrenals from 
guinea pig and rat did not. This would confirm the findings on ACTH 
and adrenal homogenates reported in a previous paper (3). 

In an attempt to elucidate the nature of the BT material formed through 
the action of serotonin large scale incubations were performed. For both 
the pooled rat and rabbit adrenals which were not treated with serotonin 
traces of BT reactive zones could be detected on paper chromatogi’ams. 
BT reactive zones were more readilj'^ detectable on paper chromatograms 
containing the residue from serotonin treated glands. For both the rat 
and rabbit the BT positive substances from the control incubations mi- 
gi-ated at rates similar to the cortisol-aldosterone-cortisone t 5 '^pe of com¬ 
pound and corticosterone, respectively. In a 16-hour chromatogram in 
the propylene glycol system, corticosterone had migrated approximately 
35 to 40 cm. while the unresolved zone of cortisol, cortisone and presum¬ 
ably aldosterone occurred between 1-3 cm. The development of the chro- 
matogi’am was held to 16 hours so that corticosterone would remain on 
the chromatogram. Extracts of the serotonin incubation showed no in¬ 
crease in the material migrating at the rate of corticosterone. The cortisol- 
aldosterone-cortisone zone contained the BT material which had increased 
in the presence of serotonin. Visual estimation indicated that 5 and 28% 
of the total BT material determined before chromatography was recovered 
for the rat and rabbit, respectively. These low recoveries in addition to the 
sensitivity of the original methjdene chloride extracts to temperatures 
near 50° C suggested that the compound(s) was labile. 

The toluene-chloroform-eth 5 dene gl^'^col system gave more definitive 
results. In this sj^stem cortisol migrated 5 to 8 cm. and cortisone 13 to 
IS cm. after 16 hours. In both control and serotonin chromatograms, BT 
reactive zones were detected which corresponded to the mobility of cor¬ 
tisol, but only the serotonin chromatogram contained an intensely reac¬ 
tive BT zone between 9 to 12 cm. Chromatographic results were much less 
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clear for residues containing higher concentrations of lipids. In this situa¬ 
tion the BT material that was increased by serotonin migi-ated over an 
extended area of the chromatogram with the lipids. Elution of the BT 
zone gave recovery values below 30%. The acetylation procedure of Mat¬ 
tox ei al. (5), usually helpful in the isolation of aldosterone, did not yield 
an}^ products. 

It was hoped that larger pools of adrenal incubations would lead to iso¬ 
lation of the BT material. The residues from control and serotonin incu¬ 
bations of adrenal glands from approximatel.y 100 rabbits were respec¬ 
tively chromatographed on silica gel columns. The results of a representa¬ 
tive column chromatography are given in Table 3. It can be seen that the 


Table 3. Silic.'V gel cnnoMAToc:itAi*nv oe coiXtbol a.vd SEnoTOM.v residue 
FROiM rabbit adrenal EXTRACTS 


Solvent 

Control 


Serotonin 

Eluate \vt. 

BT* 

Eluaic \vt. 

BT* 

Benzene 

mg. 

ag. 

mg. 

ag. 

59.!) 

340 

10.0 

40 

Benzene 

3.0 

40 

1.0 

10 

Benzene 

1.1 

10 

0.0 

0 

Benzene-met Indenc 

Benzene chloride 20:1 

0.0 

12 

1.1 

4 

Benzene chloride 5:1 

0.0 

10 

0.5 

14 

Benzene chloride 1:1 

0.3 

11 

0.0 

10 

Mcth 3 'lenc chloride 

0.5 

10 

0.0 

G 

Eth 3 'l acetate 

14.4 

24 

5.2 

1100 

Methanol 

0.3 

300 

5.1 

1050 

Methanol 

0.4 

40 

1.0 

20 

Total recovered from column 

88.3 

803 

32.0 

2260 

Total added to column 

00.2 

922 

32.0 

2897 


* The total /ig. of BT material per eluate \va.s estimated via a cortisol standard. 


BT material elevated b}^ serotonin occurred near the polar end. Approxi- 
matelj^ 80 to 90% of the BT material could be recovered and the BT ma¬ 
terial from control incubations concentrated in the methanol fractions 
whereas the serotonin released reducing substances partitioned between 
the ethyl acetate and methanol fractions. 

Aliquots from the steroid fraction from the silica gel chromatography 
and corresponding zones from paper chromatograph}^ were submitted 
for electrolyte bioassay.^ Eight 150 gm. adrenalectomized male rats re¬ 
ceived an intraperitoneal injection of 45 mg. NaCl and urines were col¬ 
lected for 6 hrs. Simultaneous bioassay was performed on a solvent control, 
2 standards of deoxycorticosterone (DOC) and the unknowns. Slopes, test 

^ We express our deepest appreciation to Dr. Eugenia Rosemberg for carr 3 dng out the 
bioassa3"S. 
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for parallelism and relative potencies were calculated according to accepted 
procedures. The results are given in Table 4. It was found tliat 0.037 and 
0.094 jug. of the serotonin and control ethjd acetate fractions, respectively, 
were equal to 1 jug. of DOC. For tlie methanol fractions 0.051 /xg. of the 
serotonin residue was equal to 1 jug. DOC while the control residue was 
inactive. These findings indicated that the serotonin ethyl acetate fraction 
was approximately 3 times as potent as the corresponding control fraction. 
Since the control methanol fraction did not exhibit any activity in sodium 
retention, the serotonin methanol fraction was strikingly more active. 


Table 4. Electrolyte rioassay or ethyl acetate an’d methanol 

FRACTIONS FROM SILICA OEL CIIROMATOORAI'IIY 


Experimental groups 


Urinary .sodium Urinary potassium Potasiuin/sodium 
mean ±S.]L inean±S.E. mean+S.E. 


/jg. ing./lOO pin./hr. mg./lOO pm./hr. 


Control 


2.44 

+ 0. 

.28 

1, 

.22 

±0 

.04 

0 

.52 

+ 0 

.04 

Deoxycorticosterone 

0 

1.30 

+ 0. 

73 

0. 

.78 

+ 0 

.05 

0 

.00 

±0 

.02 

Deoxycorticosterone 

25 

0.77 

+ 0. 

.02 

1 . 

.09 

±0 

.04 

1 

.41 

±0 

,04 

Control ethyl acetate 

0.2 

l.Gl 

+ 0 

.11 

1 

.00 

±0 

.11 

0 

.00 

±0 

.01 

Control ethyl acetate 

1.0 

1 .09 

±0, 

.27 

0. 

.92 

4-0 

.12 

0 

.90 

±0 

.08 

Serotonin ethyl acetate 

0.2 

1.27 

4* 0, 

.33 

0, 

.78 

±0 

.14 

0 

.71 

±0 

.13 

Serotonin ethyl acetate 

1.0 

0.80 

±0, 

.14 

0. 

.03 

+ 0 

.00 

0 

.72 

±0 

.12 

Control methanol 

0.2 

1.52 

4-0. 

.33 

0, 

.77 

+ 0 

.09 

0 

.49 

±0 

.07 

Control methanol 

1.0 

1.85 

4-0 

.5! 

1 

.08 

+ 0 

.14 

0 

.07 

+ 0 

.22 

Serotonin methanol 

0.2 

1.45 

4-0 

.40 

0 

.80 

+ 0 

.10 

0 

.01 

±0 

.08 

Serotonin methanol 

1.0 

0.87 

±0 

.10 

0 

.77 

+ 0 

.10 

0 

.91 

±0 

.04 


* Dose given in terms of BT reactive material. 


DISCUSSION 

These experiments hat^e demonstrated a direct effect of 5-h3’'droxytryp- 
tamine on the adrenal cortex. The identitj^ of the compound(s) released 
bj'^ the adrenal in the presence of serotonin escapes elucidation at the 
moment because of its lability. The nature of the non-steroidal reducing 
material measured bj'’ the ferric chloride-dipyrid 3 d reaction also remains 
unknown. However, since metabolites of 5-h3'-drox3’^tryptamine ivould 
probabl 3 '^ retain a potential phenolic ring, the 3 '’ could give the EE reaction. 
Examination of 5-h3'^droxyindole acetic acid revealed that this major me¬ 
tabolite of serotonin does give a strong EE test but it is insoluble in 
meth 3 dene chloride and therefore could not account for the EE titers in the 
present stud 3 ^ Little or no stimulatory activit 3 '^ of 5-h3'-drox3dndole acetic 
acid on rat adrenal was discerned. 

As to the possible explanations for the activity of serotonin on the 
adrenal gland, tivo avenues of speculation are available. During hemor¬ 
rhagic stress serotonin would be released from ruptured platelets. This 
sudden increment in serotonin titer might directly stimulate the adrenal 
to release aldosterone-type compounds as a method for altering electrolyte 
concentrations and combating deranged hemod3’-namics. It has alread 3 ’- 
been observed that sodium retention occurred in humans receiving sero- 
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tonin (6) and chloride and water retention has been reported for the rat 
treated with serotonin (7). 

A second possilDility approaches an explanation revolving about the 
concentrations of precursors for corticosteroid synthesis and secretion. 
Bernheim et al. (8) have established that serotonin can function as an 
antioxidant and can inhibit the formation of lipid peroxides in rat brain 
homogenate and liver mitochondria. Other catechol and indole amines 
were much less active. The inhibitory activity of serotonin is particularly 
pronounced in the presence of ascorbic acid and it is well known that the 
adrenals are rich in vitamin C. Since cholesterol is a precursor of cortico¬ 
steroids and can undergo peroxidation, then inhibition of this latter process 
would afford higher concentrations of precursors for corticosteroid syn¬ 
thesis. 

If indeed it is aldosterone that is being released bj^ 5-hydroxytryptamine 
then a possible common denominator for the varied effects of serotonin on 
smooth muscle, the kidne}^, blood pressure and brain activit}^ is suggested. 
The intense sodium retention and potassium excretion caused by aldoster¬ 
one could result in an abnormal electroljde metabolism which might influ¬ 
ence kidney function (e.g. reabsorption of chloride and water), osmotic 
pressure and heart action (e.g. blood pressure) and brain activity (e.g. 
depolarization of membranes). Since smooth muscle contains an intrinsic 
network of nerves, shifts in electroljde concentrations can account for the 
increased contraction occurring in this tissue also because of polarization 
effects (7). 
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PROGESTATIONAL ACTIVITY OF 17-«-METHYL- 
19-NOR-TESTOSTERONE 

GIUSEPPE MOGGIAN' 

Department of Obstetrics a7id Gyimcology, Umversity of Bologna, Italy, and Depart¬ 
ment of Obstetrics and Gynecology of the University of Rochester, School of 
Mcdicuic and Dentistry, Rochester, Nets York 

ABSTRACT 

The progestational activity of mcthyloestrcnolonc and progesterone have 
been compared in immature female rabbits, using 'McPhail’s method. 

Small doses of cither drug, when given intramuscularly result in endometrial 
hyperplasia of equal amount. However, larger doses of progesterone result in 
greater endometrial hypertrophy than similar doses of mcthyloestrcnolonc. 

R ecently there has been much interest in the biologic effects of 
/ newer sjmthetic steroids including the progestational activitj^ of 
methyloestrenolone (Orgasteroir, Organon). The biological properties of 
this compound have been studied in womeir by Ferin (1) and in animals 
by Overbeek and de Visser (2). The former author has compared the 
progestational activity of methyloestrenolone to that of progesterone and 
etliynyltestosterone. Each of these compounds was administered sub¬ 
lingually. Luteoid activitj'- was determined by the glj’^cogen content of the 
endometrial cells. Ferin (1) found that methyloestrenolone was 150 and 
50 times more active when administered sublingually than are progesterone 
and ethynyltestosterone respectively. Oral methyloestrenolone Avas found 
to be 10 times more effective than comparable doses of progesterone given 
intramuscular^. 

The progestational activity of methyloestrenolone is apparently less in 
rabbits, as determined by the Clauberg test (3). Overbeek and de Visser 
(2) administered 1.0 mg. of methyloestrenolone per os in rabbits. Methyl¬ 
oestrenolone Avas almost as effectLe as 1.0 mg. of progesterone ay hen given 
subcutaneously. These authors also studied the progestational actiAuty in 
castrated pregnant rabbits and rats. Thej'^ found that methyloestrenolone 
had a pronounced progestational property after oral administration. It 
was possible to maintain pregnancy in castrated animals, at least tem- 
poraril}'^, but the fetuses sustained some damage. Toxicity AA^as negligible. 

In vicAv of the results of the aforementioned investigators, the author 
has compared the activit5^ of methyloestrenolone A\dth progesterone AAdien 
given intramuscularly. 

Received June 23,1958. 

Fulbright Fellow of Obstetrics and Gj^necology at the University of Rochester, 
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Table 1. Effect of fhogesterone and metiiyloestrenolone on 

ENDOMETRIUM OF IJIMATURE RABBITS 


Treatment 

No. 

animals 

Total dose 
(mg.) 

Transverse endometrial 
surface area expressed 
in per cent of v.ahies 
encountered in con¬ 
trol animals 

No progestative drug 

4 

— 

100 

Progesterone 

2 

0.1 

157 


2 

0.5 

201 


2 

0.6 

234 


4 

2.0 

251 

Meth 3 doestrenolone 

2 

0.1 

155 


2 

0.2 

158 


2 

0.3 

IGO 


2 

1.0 

169 


4 

2.0 

180 


MATEEIAL AND METHODS 

j\Ieth 3 '’locstrc‘nolone ivas dissolved in propidene gh’col (concentrations of 1:1,000 
and 1:10,000). Progesterone was also prepared for intramuscular injection in a similar 
manner. Twentj'-six immature female rabbits,- weighing 750-950 gm., were used. All 
26 animals were given 25 i.u. of estradiol monobenzoatc intramuscularly daih' for 6 days. 
Four animals were used as controls. Ten animals received 0.1 to 2.0 mg. of progesterone. 
Twelve animals were given 0.1 to 2.0 mg. of metiiyloestrenolone. Each drug was admin¬ 
istered intramuscularly daily for 5 da.ys (see Table 1). 

The four control rabbits were given 0.2 ml. of propylene glycol for the same period. 
On the daj' after the last injection of meth.vloestrenolone or progesterone, the rabbits 
were anesthetized with ether. The uterus of each was removed and fi.ved in Bonin’s 
fluid for 24 hours. Sections were cut at 10 ju across the logitudinal axis of the uterus. The 
tissue was stained with hematoxidin and eosin. Progestational proliferation of the endo¬ 
metrium was determined bj' projection of the section on a screen. The total endometrial 
surface was measured with a planimetcr (4, 5). The sccretoiy epithelial area measure¬ 
ment represents a mean value based on manj'determinations of epithelial surface areas. 

^ A group of 16 rabbits were studied in the Laboratories of the Dept, of Obstetrics 
and Gi-nccology, Universitj- of Bologna, Itah-, and 10 animals of a second group were 
studied at the Dept, of Obstetrics and Gjmecolog.v, Uuiversitj' of Rochester, School of 
Medicine and Dentistrj’^, Rochester, New York. 


VA\\ _v 
/ ..V r 

Figs. 1-7. Cross section of uterus of immature rabbits. Hcmato.xj'lin-eosin. X30. 
Fig. 1. 150 i.u. of estradiol monobenzoate I.M. onlj^ (control). 

Fig. 2. 150. i.u. of estradiol monobenzoate I.A'I, and 0.1 mg. of metlylocstrcnolonc 
I.AI. 

Fig. 3. 150 i.u. of estradiol monobenzoate I.M. and 0.1 mg. of progesterone I.M. 
Fig. 4. 150 i.u. of estradiol monobenzoatc I.M. and 0.2 mg. of meth 3 doestrenoloiic 
I.M. 

Fig. 5 . 150 i.u. of estradiol monobenzoate I.AI. and 0.3 mg. of progesterone LI*!. 
Fig. 6 . 150 i.u. of estradiol monobenzoate I.M. and 2.0 mg. of meth3doestrenolonc 

I.M. 

Fig. 7. 150 i u. of estradiol monobenzoate I.M. and 2.0 mg. of progesterone 1.^ 






366 


MOGGIAN 


Volume 6Jf 


RESULTS AND DISCUSSION 

A dose of 0.1 mg. of methyloestrenolone (given 0.02 mg. daily for 5 
days) administered intramuscularl 5 '^ results in endometrial proliferation 
identical to that of similar doses of progesterone given intramuscularly. 
Larger doses of progesterone (0.5 to 2.0 mg.) result in much more endo¬ 
metrial hyperplasia than similar doses of methyloestrenolone (see Table 1). 

The same results were found in all animals studied. The histological 
changes induced b}’’ each drug are illustrated in Figures 1-7. 

The results of the author are thus unlike the findings of Ferin (1) and 
Overbeek and de Visser (2). The latter workers reported that methyloes- 
trcnolone had more progestational effect on the uterus than progesterone, 
when these drugs were administered oralljL The author’s results demon¬ 
strate that the progestational activity of methjdoestrenolone and proges¬ 
terone, when administered intramuscularly, are similar. 

Therefore the comparative progestational activitj’- of methyloestreno¬ 
lone or progesterone is apparentl}'^ dependent upon the route of adminis¬ 
tration as well as the test animal used. 

REFERENCES 

1. Feein, J.: Acta cndocrinol. 22; 303. 1956. 

2. OvEEBEEK, G. A. AND J. DE VissEE: Ihideui 22: 318. 1956. 

3. Claubehg, C.: Zcntr. Gyndk. 54: 2757. 1930. 

4. OvEEHOLSEE. M. D.; Anal. Rcc. 41: 303. 1929. 

5. Desclin, M. L.; Bidl. Acad. ray. Med. Belgique 8 (VI Ser.), 427. 1943. 



EFFECT OF THE INJECTION MEDIUM UPON 
THE BIOLOGICAL RESPONSE TO 
PARATHYROID HORMONE' 

HOWARD RASMUSSEN^ 

The Rockefeller Institute for Medical Research, iVc»i ) ork, N. Y. 

ABSTRACT 

j\Iale AVistar rats weighing approximatcl.v 115-120 gm. were parathjToid- 
ectomized and maintained on a house diet. Four daj-s later, after an initial 
blood sample was obtained, they received a known amount of parathormone A 
(purified hydrochloric acid gland extracts) or parathormone B (purified acetic 
acid extracts) either suspended or dissolved in one of several injection media. 

They were bled again three, six, nine, twelve, fifteen, eighteen, or twenty-four 
hours later. The concentration of calcium in the initial and final blood samples 
was determined, and the results plotted as increase in plasma calcium concen¬ 
tration versus time. It was found that 1) the duration of the biological response 
was dependent upon the injection medium, being longest when the hormone 
was given as a suspension in oil and shortest when given in isotonic saline; 

2) the magnitude of the response, following the injection of PTH-B was depend¬ 
ent upon the injection medium, this eflect being apparent as early as three hours 
after the test injection; and 3) N-eth}'! maleimide in concentrations of 
1X10"^ M or cysteine hydrochloride in concentrations of 1X10~’ increased 
both the magnitude and duration of the response to PTH-B given in isotonic 
saline. The implications of these findings are discussed. 

I N A previous communication, we reported upon an alteration in the 
duration of action of parathyroid hormone after partial purification (1). 
This phenomenon was noted with partiallj' purified hj'^drochloric acid 
extracts of bovine parathyroid glands having a potency of 75-100 U.S.P. 
units/mg. dry weight. As was expected, a similar phenomenon was ob¬ 
served upon purification of acetic acid extracts by the procedure previ¬ 
ously described (2). Because this phenomenon is of obvious practical im¬ 
portance in the proper assessment of the potency of various parathormone 
preparations, it was decided to study it in more detail. The results of this 
study form the basis of the present report. 

As has been pointed out (2, 3), the active principle in acetic acid extracts 
differs in certain regards from that in hydrochloric acid extracts of bovine 
parathyroid glands. In keeping with the terminology previously proposed 
(3), thes e principles will be called parathormone B (PTH-B) and para- 
Received July 3, 1958. 
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thormone A (PTH-A), respectively, and these designations will be used 
throughout this paper. 

MATERIAL AND METHODS 

Male Wistar rats (CNF strain from Carworth Farms, N. Y.) weighing approximated 
115-120 gm. were emplojmd for all experiments. Thej^ were maintained on a normal 
house diet. Four da 3 "s after parathju'oidectora}', thej-^ were separated into groups of 
eight and used for the assay's. Parathjwoidectomj^, anesthesia, heart puncture, and 
calcium determinations were performed as pre^douslJ" described (3). The animals were 
allowed free access to water but no food during the course of the experiments. 

To test the effect of the various injection media upon the biological response, 0.25 mg. 
of PTH-B, prepared as previously described (2), or 0.50 mg. of PTH-A, prepared as 
previouslj'- described (3), was taken up in 0.5 ml. of the medium to be tested. After an 
initial blood sample was obtained by cardiac puncture, the hormone was administered 
subcutaneously in the right axillary region. A seocnd blood sample was collected from 
each rat of separated groups of 6 to 8 animals at intervals of 3, 6, 9, 12,18, or occasionally 
24, hours after the test injection. Usually 70 to 80 animals were employed in a given 
experiment. In some cases, the same group of six or eight rats was bled at 6 and then 
again at 18 hours, or 9 and 24 hours. Each set of experiments with a given injection 
medium was repeated at least once. At least one group in each series was given 0.25 mg. 
of PTH-B in 0.5 ml. of oil, and bled at 6 hours, to serve as a standard of comparison for 
successive series of experiments, such a procedure being the basis for the assay method 
previously described (3). The results from group to group were quite uniform after 
administration of the 0.25 mg. of PTH-B in oil. When given in arachis or sesame oil 
and assayed by the si.x-hour method previously described (3), the PTH-B preparations 
had an activity of 180-200 U.S.P. units/mg. dry weight, and the PTH-A 75-100 U.S.P. 
units/mg. dr}'^ weight. The results have been plotted as the increase in concentration of 
the plasma calcium versus time after injection. The results obtained with animals in 
which the initial calcium value was greater than 8.5 mg./lOO ml. were not included be¬ 
cause these animals were considered to have been onlj" partialb'' parathju’oidectomized. 
The usual initial concentrations of calcium ranged from 6.0-8.5, and only three to four 
animals in each series of sixty to seventy had values greater than this. 

The various solutions employed all were prepared upon the day of the assay, using 
“deionized” water and reagent grade compounds. The sesame or arachis oil was stored 
at 2° C and small aliquots were melted as needed. The oil was poured on to the dry hor¬ 
mone power and the mixture shaken vigorous^ to obtain a fine suspension. For the 
experiments with heparin the parathormone was taken up in saline or buffer and a drop 
of two of heparin added from a clean syringe. Upon the addition of the heparin a fine 
white cloudj" precipitate formed and remained suspended in the solution. The gelatin 
emploj^ed was Tj^pe B “Pharmagel” gelatin of purest grade obtained from Knox Gelatin 
Co., Camden, N. J. An approximate^ 16% solution of this material was prepared by 
bringing 100 ml. of a pH 4.0 acetate buffer to a boil, removing it from the flame, and then 
adding 16 gm. of gelatin powder with constant stirring. After the solution had cooled 
to 40-50° C, 100 mg. of phenol were added and the material stored at 37° C, at which 
temperature the mixture was a highly viscous solution. None of the gelatin solutions 
were kept for more than one week, and were usually prepared the dai' before expected 
use. The N-ethyl maleimide and Z-cysteine hj^drochloride were obtained from Mann 
Research Laboratories, Inc., New York, N. Y. The human plasma, from a normal volun¬ 
teer, was collected and stored with sterile precautions. The anticoagulant emplojvd was 
heparin. Statistical anatyses were carried out b 3 '’ standard methods (4). 
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RESULTS 

In Figure 1 are shonii the results obtained when the same preparation 
of PTH-A was taken up in saline, heparin solution or arachis oil, and in¬ 
jected into separate groups of ammals. Each animal received 0.5 mg. of 
PTH-A in 0.5 ml. of the injection medium. Each point on the chart repre¬ 
sents the mean response of 16 to 19 animals. Heparin or oil seem to be 
equallj' effective in prolonging the response. It is noteworth}^ that the 
response seen six hours after test injection is more or less the same regard¬ 
less of the injection medium. This being the case, it is apparent that with 
a six hour assaj' procedure and these preparations an adequate assessment 



Fig. 1. The change in concentration of calcium in plasma of parathyroidectomized 
rats after the subcutaneous injection of 0.5 mg. of PTH-A in 0.5 ml. of heparin (X—X), 
oil (O—O) and isotonic saline (•—•). 

of biological potency can be obtained using a variety of injection media. 
This is not the case, however, with the more highly purified PTH-B 
preparations as can be seen in Figures 2 and 3. In Figure 2 are plotted the 
responses observed when preparations of PTH-B (0.25 mg. per rat) were 
injected in oil or a pH 7.4 sodium bicarbonate buffer. Each point repre¬ 
sents the mean response of 17-24 animals, and the vertical lines represent 
the standard errors. The most striking finding, other than the change in 
duration of action, is the observation that even as early as three hours 
after the injection there is a significantlj'^ greater response when the PTH- 
B is administered in oil rather than a neutral bicarbonate buffer. Further¬ 
more, the results indicated in Figure 3 illustrate that a graded range of 
response is obtained depending upon the injection medium employed and 
the interval of time elapsed before measuring the response. Here again 
each point represents the mean response of 11-36 individual animals. The 
standard errors have been omitted for sake of clarity, but were similar 
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Fig. 2. The change in concentration of calcium in plasma of parathyroidectomized 
rats after the subcutaneous injection of 0.25 mg. of PTH-B in sesame oil (•—•), and 
a 0.1 M sodium bicarbonate buffer, pH 7.4 (O—O). 



Fig. 3. The increase in concentration of calcium in plasma of parathyroidectomized 
rats following the subcutaneous injection of 0.25 mg of PTH-B in oil (•—•)> heparin, 
gelatin solutions, or plasma (®—®), 0.01 M gljmine acetate buffer, pH 3.8 (O—®)) 
and 0.1 M sodium bicarbonate, pH 7.4 (O—O). The upper curve (□—□) represents 
the response obtained with 50 U.S.P. units of commercial Injection Parathyroid Hor¬ 
mone (Eli Lilly Companj'), or appropriate amounts of crude acid extracts of bovine 
glands. 
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to those shown in Figure 2. The response to 50 u. of Injection Parathyroid 
(Eli Lilly) has been included for comparison. A similar response is obtained 
when an appropriate amount of a crude acetic acid extract of parathyroid 
glands is injected in saline or oil. In these experiments (Fig. 3), in contia- 
distiiiction to those witli PTH-A (see Fig. 1), the response when the 
PTH-B was given in oil, rather than with heparin or gelatin, was signifi¬ 
cantly greater at nine or more hours after hijectioii. The results at six 
hours, when analyzed statistically (4), were probably significantly differ¬ 
ent (P>0.01 <0.05). The response observed at 6 hours when the PTIi-B 
is given in a 0.01 M glycine acetate buffer (pH 3.8) is significantly greater 
than when administered in a neutral bicarbonate buffer (P <0.01). 

A single set of experiments was carried out using sterile human plasma 
as the injection niediuin. The results obtained were similar to those ob¬ 
tained with the gelatin solutions and have not been plotted. It seemed pos¬ 
sible that the heparin in the plasma was an important factor, so plasma 
obtained with a balanced oxalate solution was also tested during a routine 
six hour assaj'’. Tlie results were similar to those seen with the heparinized 
plasma. 

Perhaps the most striking results are those shown in Figure 4. 3y adding 
10~® M N-ethyl maleimide or 10~' M cysteine hydrochloride to saline both 
the magnitude and duration of the response to PTH-B is increased. The 
addition of 10"* M cysteine hydrochloride to Injection Parathyroid (Eli 
Lill}0 did not change the magnitude or duration of the biological response. 

DISCUSSION 

The significantly greater response obtained, even as early as three hours 
after injection, when PTH-B is given in oil rather than in a neutral bi- 



PiG. 4. The alteration in the response to the subcutaneous injection of 0.25 mg. of 
PTH-B produced by the addition of 10"^ M N-eth3d maleimide (O—-O), or l0"i M 
cj’steine hj-drochloride (X—X) to isotonic saline (•—•). The response obtained when 
this particular preparation was injected in sesame oil (D—D1 is included for comparison. 
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carbonate buffer (Fig. 2 ) suggests that ’ivhen given in tlie neutral buffer 
the PTH-B is partially inactivated at the site of injection. That this inter¬ 
pretation is more likel}^ correct than tlie assumption that just a more 
rapid rate of absorption and excretion occurs is suggested by the results 
obtained with the addition of NEMI and cysteine hydrochloride (Fig. 4 ), 
as well as those obtained with glimine acetate buffer (Fig. 3 ). These re¬ 
sults are in keeping with observations (unpublished) that PTH-B is un¬ 
stable in vitro in neutral buffer, is stabilized by the addition of NEMI to 
these buffers, and is stable in glycine acetate and cysteine hydrochloride 
buffers. 

Initially, it was thought that the effects of NEMI and cysteine hydro¬ 
chloride could be explained by their known ability to prevent disulfide 
interchange ( 5 ). Further work (unpublished) has shown, however, that 
PTH-B has neither free SH groups nor contains C)’'stine. Furthermore, it 
has been shown recentlj'' that parath3U'oid hormone loses biological activity 
when oxidized with hydrogen peroxide, and that subsequent reduction 
with cysteine hjMrochloride results in the restoration of biological activity 
( 6 ). In view of these results, it would appear that cj’^steine h3^drochloride 
and NEMI exert their effect b3’^ inhibiting this oxidative inactivation of 
parath3U'oid hormone probabl3^ at the injection site. It seems possible that 
these two agents may also prevent the inactivation of the hormone at 
other sites since they both prolong the duration of action of the hormone. 
Studies are being undertaken to determine if such a synergistic effect 
exists. 

The difference in the overall response to PTH-B when given in heparin 
or gelatin rather than oil (Fig. 3 ) ma3" well be explained b3’’ a more rapid 
rate of absorption from the site of injection, and therefore a less sustained 
concentration of circulating hormone. 

The results recorded in Figure 3 point out the difficult3'- encountered in 
assessing the biological potenc3’- of purified parathormone preparations; 
for, depending on the time period of assa3^ used and the injection medium 
emplo3md, one can find a potenc3’' of from 0-200 U.S.P. units/mg. of the 
same preparation. To date, the most reliable results have been obtained 
with oil as the vehicle for injection. When oil is emplo3md the more puri¬ 
fied preparations form a satisfactory, fine, even suspension, but the crude 
preparations do not disperse readil3\ 
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IN VITRO AND IN VIVO METABOLISM OF 
PREDNISOLONE; STUDIES CONCERNING 
ITS BIOLOGICAL EFFECTIVENESS 

E. MYLES GLENN 

Dcparlmcnt of Endocrinology, The Upjohn Company, Kalamazoo, hlichigan 

ABSTRACT 

Metabolism of prednisolone by rat liver microsomc-supernatant fractions 
has been reinvestigated. It has been found that both C-20 and A''-3 ketone 
reduction of prednisolone is considerably slower than rates of reduction of these 
substituents on the hydrocortisone molecule. Comparisons of glycogenic ac¬ 
tivity also resulted in collection of data which suggest that prednisolone per¬ 
sists for a longer period in tissues or body fluids of fasted adrcnalectomized 
rats. When equal amounts of either hydrocortisone or prednisolone were 
administered intraperitoneallj' to fasted adrcnalectomized rats, it was found 
that forty-two times as much unaltered prednisoline appeared in the urine 
following a 48-hour collection period. The significance of these results in rela¬ 
tion to increased biological efficacy of the synthetic steroid is discussed. 

R ecent reports (l) suggest that rat liver slices do not metabolize 
; prednisolone, 2-methylhydrocortisone, 9a:-fluorohydrocortisone and 
2-meth3d-9a-fluorohydrocortisone at significantly slower rates than hydro¬ 
cortisone. These results are in conflict with results reported from this labo¬ 
ratory (2) in which microsome-supernatant fractions of rat liver were 
employed. These results aye also in conflict with studies reported by 
Schriefers (3) in which rat liver slices were used. In addition, Tompkins 
(4, 5) and Liddle (6) have reported that 2-methylhydrocortisone and 
prednisolone are metabolized more slowly than hydrocortisone by rat 
liver enzyme systems, Todd and Hechter (7) have demonstrated a slower 
rate of 9a-fluorohydrocortisone metabolism by liver paste and liver slices. 
In vitro studies, reported by Rongone (8), clearly indicate that in a bovine 
serum albumen preparation, in which a TPN-2H-generating system was 
supplied, the metabolism of both prednisolone and 9Q;-fluoroh5'^drocortisone 
was significantly slower than that of hydrocortisone. 

Slaunwhite, ei al. (9) have shown that administration of prednisolone to 
human subjects results in excretion of more unaltered steroid in urine than 
that following administration of hydrocortisone. Vermeulen (10) and Gray 
(11) have clearly shown that considerable amounts of prednisolone appear 
in urine of patients treated with this hormone. These latter observations, 
coupled with those of Ely (12), which suggest that the biological half-life 
of predn isolone in human subjects is considerably longer than that of the 
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parent hormone, tend to indicate that metabolism of prednisolone is signifi- 
cantl}^ reduced. 

Collins et al. (13), as well as Silber and Morgan (14) have shoAvn that 
the biological half-life of prednisolone is longer than that of h3^drocortisone 
following oral or intravenous administration to experimental animals 
(dogs). Glenn et al. (2) have shown not only an impeded rate of metabolism 
of 2-methyl-9Q:-fiuoroh3^drocortisone bj'- rat liver enzyme systems, but have 
also shown that intravenous administration of this compound to fasted 
adrenalectomized rats results in a markedl}’’ prolonged biological response 
—results which suggest that 2-methyl-9Q:-fluoroh3'-drocortisone persists 
longer in tissues or bod}^ fluids. Critical anal 3 ^sis of the different t 3 ^pes of 
data alluded to has fostered the concept (2) that slower rates of liver inac¬ 
tivation may partiall 3 '’ explain the enhanced biological potenc 3 ’^ of certain 
synthetic steroids. 

The following report is concerned with in vitro and in vivo studies con¬ 
cerning not onl 3 ^ metabolism of one of the representative steroids under dis¬ 
cussion (prednisolone), but also concerns itself with anal 3 "sis of additional 
biological data which also tend to shed light on this subject. 

METHODS 

Methods for determination of steroid metabolism rates by isolated microsorae- 
supernatant fractions of rat liver have been described in detail (2). Ability of steroids 
to induce liver gb^cogen deposition in fasted adrenalectomized rats was determined by 
previous^ described methods (15). 

For urinar}' e.xcretion studies, prednisolone and h 3 'drocortisone were suspended in 
carboxymethylcellulose (5 mg./0.5 cc.) and injected intraperitoneall}" to fasted adrenal¬ 
ectomized rats. Animals were placed in metabolism cages; urine samples collected for 
48 hours, pooled and subsequently e.xtracted with five times volume of 20% ethyl 
acetate: chloroform. Solvent phases were e.xtracted two times with 1/10 volume of 
O.IN NaOH, O.IN HCl, followed bj' distilled water e.xtraction. Solvent phases were 
dried and, since dry residues appeared to be relativelj' free from e.xtraneous material, 
total residues were dissolved in CHCI 3 , transferred to paper strips, and chromato¬ 
graphed b}’ the Bush (16) S 3 'stem. Steroids were identified b}’’ comparison of Rf values 
with standards, absorption spectrum in the ultraviolet, the Porter-Silber (17) method 
for detection of the dihydroxyacetone side chain, and H 0 SO 4 chromogens in both ultra¬ 
violet and visible spectra. Determination of amounts of steroid present in eluates from 
paper strips was accomplished bj"^ ultraviolet and Porter-Silber methods of analysis. 

RESULTS 

When equimolar amounts (0.1 cc. of an 0.01 M solution) of hydrocorti¬ 
sone and prednisolone were incubated with isolated microsome-super- 
natant fractions of rat liver, it became readily apparent that both the 
A^-3 ketone and C-20 ketone positions of the latter were reduced at consid¬ 
erably slower rates than the former (Fig. 1). 

If a slower rate of liver inactivation of prednisolone is partially responsi¬ 
ble for its increased gb'-cogenic activit 3 '', one would expect a more prolongec 
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Fig, 1. Rate of A^-3 ketone and C-20 ketone reduction of hydrocortisone and A‘- 
hydrocortisone (prednisolone) by isolated microsome-supernatant fractions of rat liver. 
(Each point; mean of duplicate determinations on duplicate samples.) 

biological response following intravenous administration. When 1.0 mg. of 
prednisolone and 1.0 mg. of hydrocortisone (in 0.1 cc. EtOH) were admin¬ 
istered intravenously (tail vein) to fasted adrenalectomized rats, results 
indicated that liver glycogen deposition response to prednisolone was more 
prolonged than response to hydrocortisone (Fig. 2). 

Studies reported thus far indicate that prednisolone is metabolized more 
slowly by rat liver enzyme systems and, in keeping with this observation, 
a more prolonged biological response is obtained following its intravenous 
administration. 

If metabolism of prednisolone is actually decreased in the fasted adrenal¬ 
ectomized rat, one wmuld expect more of the “free,” unmetabolized steroid 
to appear in urine of animals treated with this material. In order to be as¬ 
sured that both hydrocortisone and prednisolone would be equally exposed 
to liver inactivation, and in order to assure relatively complete absorption 
of both compounds, they were administered intraperitoneally. Hydrocorti¬ 
sone and prednisolone (10 mg./rat) -were administered to tivo groups of 
twelve rats per gi'oup. Urine was collected over a 48-hour period, pooled, 
and analyzed according to methods described previously. 

Following intraperitoneal administration of 120 mg. of hydrocortisone to 
twelve fasted adrenalectomized rats, 188 Mg. of hydrocortisone were re¬ 
covered in pooled urine samples. Following intraperitoneal administration 
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of 120 mg. of prednisolone, 7,860 jug. of free, unmetabolized substrate ap¬ 
peared in urine extracts. That is, forty-two times as much prednisolone ap¬ 
peared in the urine as did hydrocortisone. Since the amount of “free,” non- 
metabolizable steroid appearing in urine of animals treated with this hor¬ 
mone is probably a relative measure of reductive and conjugating mecha¬ 
nisms in liver, the conclusion seems warranted that liver of the fasted 
adrenalectomized rat metabolizes the steroid analogue less readily than it 



Fig. 2. Effect of intravenous administration of hydrocortisone and A'-hydrocortisonc 
(ivednisoione) on liver glycogen deposition. Rats ivere adrenalectomized 3-4 days, 
fasted 24 hr. before injection, and the fasting continued to the end of the experiment. 

does the parent hormone. Examination of peritoneal cavities of all rats at 
the conclusion of the 48-hour collection period revealed no evidence of in¬ 
complete absorption of either agent. 

DISCUSSION AND CONCLUSIONS 

Results of both in vitro and in vivo studies in the rat indicate that metab¬ 
olism of prednisolone is considerably less efficient than that of hydrocorti¬ 
sone. In vitro results reported here are in essential agreement with those re¬ 
ported by Schriefers for rat liver slices (3). 

Direct addition of steroid substrates to liver slices and measurement of 
specific changes on the steroid molecule following one particular time pe¬ 
riod of observation is insufficient evidence for differences in metabolism of 
various compounds. Unless specific cofactor, coenz 3 fme and cosubstrate re¬ 
quirements of a particular enzymatic reaction are thoroughly^ understood, 
differences, or lack of them, following addition of various materials mean 
very little with regard to the interpretation of significance of data. Certain 
subleties exist in experiments of this type, and acquaintanceship with van- 
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ous analytical procedures involved are requisite for a thorough analysis of 
the multitude of factors involved in such a complex relationship. 

Obviously, in vitro observations alone are insufficient evidence for the 
conclusion that a series of similarly related events occur in the intact organ¬ 
ism. Hon-ever, when such data are coupled with inanj’ other types of anal¬ 
yses, using the intact animal, a valid conclusion may be warranted. 

The question of whether a decreased rate of steroid metabolism is solely 
responsible for enhanced biological activity of prednisolone remains un¬ 
answered. However, a slower rate of inactivation or excretion of compound 
from the organism necessaril}' implies an enhanced biological efiicacj^ since 
more steroid becomes available to responsive tissues for a longer period. 

Difficulties may be encountered Avlien attempts are made to anal 3 ^ze dif¬ 
ferences in either steroid metabolism rates or steroid biological effects when 
one rigidly applied artificial time period and steroid concentration is im¬ 
posed upon the system being examined. For example, 2-methyl-9a'-fluoro- 
hj^drocortisone is thirt}-three times more potent as a gl 3 'cogenic agent than 
is h 3 ’drocortisone; prednisolone is three times more active. However, when 
all three compounds are administered szibcntancoushj in equimolar amounts 
(1 mg.) and livers analyzed for liver glycogen deposition 8 hours later, 
amounts of glycogen are approxiraatel 3 ’' the same in all cases (18). One 
would be tempted to conclude that the three compounds are exact^’- equiv¬ 
alent on a biological basis. However, when analyzed as a function of time, 
prednisolone and 2a-meth3d-9a-fiuoroh3’drocortisone produce gl 3 '’cogenic 
responses which persist for man 3 ' hours after glycogenic response to h 3 ’^dro- 
cortisone has disappeared (IS). Furthermore, when administered in “bio¬ 
logically equivalent” amounts (h 3 '^drocortisone, 1.0 mg.; prednisolone, 0.3 
mg.; and 2a-meth3d-9Q:-fluoroh3’-drocortisone, 0.03 mg.), the gl3'cogenic 
time curves become superimposable for these three steroids (IS). These lat¬ 
ter results further emphasize the pi-obabilit 3 ’’ that not onl 3 ’ do retarded rates 
of steroid metabolism partial^" explain increased activit 3 '' of certain ster¬ 
oids, but that other unknown mechanisms ma 3 ’’ be operating to bring about 
increased biological efficac}^ 
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A METHOD OF ASSAY OF ANTITUMOR ACTIVITY 
USING A RAT MAMMARY FIBROADENOMA 

E. MYLES GLENN, SARA LEE RICHARDSON 
AND BARBARA J. BOWMAN 

Department of Endocrinology, The Upjohn Company, Kalamazoo, Michigan 

ABSTRACT 

An assaj' method for investigation of factors whicli influence growtli rate of 
a benign mammary fibroadenoma of female rats has been described. Variations 
in number of absolute tumor “takes,” final tumor size and variable growth 
rates, necessitates employment of a dcfinitcl 3 - established, growing tumor for 
routine assaj- purposes. 

j\Iarked differences exist between response of mammary fibroadenomas to 
earlj- treatment and treatment after tumors are growing autonomouslj-. Since 
established tumors more nearlj- simulate the tumors dealt with in clinical medi¬ 
cine, studies of tumors of this tj-pe maj-^ provide correlations between laboratorj- 
and clinical observations. 

Ovariectomy retards growth rate of establislied mammaiy fibroadenomas; 
adrenalectomy induces only a slight inhibitor}' effect; but both procedures com¬ 
bined result in greater inhibition of tumor growth. 

Estradiol cyclopentylpropionate, at dose levels which inhibit growth rate 
of initially transplanted tumors, stimulates growth rate of established tumors. 

Progesterone, which stimulates tumor growth if administered from day 1 of 
transplantation, has no effect on subsequent tumor growth if administration is 
initiated after tumors are well established. 

Hydrocortisone, if given in amounts adequate to prevent bodj' growth, has 
no effect on growth of established tumors. However, administration of similar 
amounts of the same hormone for 5 daj-s prior to tumor implantation results in 
greater final tumor size 65 daj's later. 

Testosterone propionate, reference standard for tliis assaj', has been found 
to consistent!}- inhibit tumor growth but never induces regression. Testosterone 
cyclopentj'lpropionate has a biphasic effect on tumor growth, stimulating 
growth at low doses, inhibiting at higher doses. Tumor inhibitorj' effects of 
testosterone propionate are accompanied bj' ovarian and adrenal involution 
and preputial gland and uterine stimulation. 

Four groups of controls are required for an assaj' of this tj'pe: initial tumor 
implant weights (1 of every 10 implants), pretreatment controls (35 daj's fol¬ 
lowing implantation), final controls (65 daj's following implantation) and 
hormonal controls (1.0 mg. of testosterone propionate each day from daj' 35 to 
day 65). 

H uggins et al. (l, 2 ) recently described experimental conditions for 
study of a mammary tumor of female rats. This tumor, a benign 
mamma ry fibroadenoma, responds in rather consistent fashion to certain 
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hormonal alterations and glandular extirpations. Since effects of hormonal 
therap 3 ^ and glandular removal on mammary tumor development have 
been learned almost exclusively from studies in man, use of an experimental 
tumor which responds in similar fashion becomes an important adjunct to 
this area of research. 

Huggins et al. (2) have reported that most steroid hormones capable of 
inducing retardation of mammary fibroadenoma development also possess 
estrogenic or androgenic properties. Studies were initiated in this labora- 
torj^ to determine if response of benign mammary fibroadenomas to steroid 
hormones was merel}'’ a reflection of other characteristic hormonal re¬ 
sponses or whether this t 3 '-pe of tumor represented an anal 3 ^tical tool which 
would enable the investigator to discover steroidal antitumor agents 
which do not induce a characteristic pattern of hormonal activit 3 ^ in the 
host. That this latter possibility exists has been suggested by the woi-k of 
Huggins ei al. (3, 4) who showed the inhibitor 3 ^ influence of 3-meth3d- 
cholanthrene on both the experimental tumor and on spontaneous neo¬ 
plasms in man. 3-Meth3dcholanthrene administration does not induce the 
characteristic hormonal pattern of aetivit 3 '' observed following administra¬ 
tion of androgens or estrogens. 

Benign mammary fibroadenomas occur spontaneously in 50-65% of all 
female Upjohn Wistar (5) and Sprague-Dawley (1) rats after the age of 18 
months. Both t 3 "pes of tumor can be transplanted into females of the same 
strain. Transplants grow slowl 3 ’', if at all, during the initial three weeks fol¬ 
lowing transplantation (latent period) then begin to grow more rapidly in a 
progressive manner. Tumors do not grow readil 3 f in male rats, in h 3 ^poph 3 '- 
sectomized or ovariectomized females, except under extraordinary circum¬ 
stances. Ovariectom 3 '’ retards growth rate of the rapidl 3 '- growing tumor; 
adrenalectom 3 ^ has a slight inhibitor 3 '- effect; and removal of both hormonal 
sources induces greater inhibition of tumor growth than either procedure 
alone. Growth rate of benign mammary fibroadenomas is also retarded b 3 ' 
administration of estrogens or androgens in appropriate amounts. 

METHODS 

Since the percentage of animals in which transplanted tumors grow varies from one 
series of experimental animal to another, and since the number of “takes” per rat 
varies when multiple transplants are emplo 3 'ed, procedures described b}' Huggins ei nl. 
(1) have been slightl}’’ modified in the interest of greater assa}"^ reproducibility. 

The original tumors were obtained from Dr. Huggins’ laboratory in February, 1957, 
were transplanted to a large number of female Sprague-Dawley rats and have subse¬ 
quently produced a tumor strain used successfully in our laborator}^ for more than 
twelve months. 

Female Sprague-Dawlej' rats (45-50 daj's old, 140-160 gm.) are anesthetized with 1. 
cc. of 1 % cjmlopal b 3 ' intraperitoneal injection. Incisions are made in the back of eac i 
animal, and channels in the subcutaneous connective tissue made with surgical 
to about 5 inch caudal to each front leg on both sides. One operator removes see 
tumors (one “seed” tumor-bearing animal sacrificed for ever}'^ one hundred recip'cn s 
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by cutting slices of uniform thickness and punching uniform pieces of tumor (70 ± 20 mg.) 
with nasal cutting forceps. Transplants (one on each side) are quickly inserted into pre¬ 
viously made channels and incisions are closed with surgical clips. 

The animals are housed in cages in constant temperature, constant humidity animal 
quarters. Animals are allowed tap water and Purina lab chow ad Hbiliim. Two operators 
can carry out the entire operation described above on two to three hundred rats in 11 to 
2 hours. 

Tumors are allowed to grow for 35 days; animals arc then palpated for actively grow¬ 
ing tumors. Those with extremely small or no tumors are disearded; those with large 
tumors are set aside for subsequent “seed” tumors. The remaining animals arc random¬ 
ized in “haphazard” fashion by placing in large carrying cages, removing animals, and 
dividing into dosage groups of eight to ten animals. Test compounds are administered 
daily, orally or subcutaneously, as finely dispersed suspensions in 0.5 or 0.2 ml. of car- 
boxymethylcellulose vehicle. Treatment is continued for 30 days, after which animals 
are sacrificed and autopsied. The eight to ten animals used for each experimental point 
usually provide 16-18 tumors of rather uniform size. Three groups of controls are used 
in every experiment; an initial control, ten tumor-bearing animals sacrificed at the end 
of the 35-day growth period; a. final control, consisting of untreated animals in which 
tumors have grown for 65 days; and a hormone control, consisting of ten animals to which 
1.0 mg./day of testosterone propionate has been administered subcutaneously for 30 
days. The last control is to insure that the tumors in the experimental rats are hormone- 
sensitive and have not mutated to the Huggins “Class 11” (3) hormone-insensitive 
fibroadenoma. 

RESULTS AND DISCUSSION 

A characteristic growth rate curve of the tumor is illustrated in Figure 1. 
It is apparent that growth proceeds slowly during the first 21 days follow¬ 
ing transplantation. The 35-day period was chosen for experimental studies 
because tumors are easily inspected visually and manually at this time. 

That the benign mammaiy fibroadenoma has a variable growth rate, 
when data from one experiment are compared with those from another, is 
well illustrated in Table 1. These results were compiled from separate as¬ 
says during a tvm-month period. It is evident that adequate numbers of 
control animals must be examined both at the end of the 35-day and 65-day 
growth periods for each experimental series. 

In Table 2 the number of tumor “takes” for several series of animals dur¬ 
ing a three-month period is shovm. It is evident that considerable variation 
(45-75%) in number of tumor “takes” exists. It is equally evident that 
with such variation in number of tumor successes, treatment of tumor- 
bearing animals from the beginning of the transplantation period becomes a 
difficult problem. That is, difficulties might arise in the interpretation of 
significance of data if, in an experimental group, the number of tumor 
“takes” were 75% and those of the control group only 45%. For this reason 
we have elected to determine the influence of various agents on growth rate 
of mammary fibroadenomas only when absolute assurance is made that all 
treated and untreated animals have one or two actively growing tumors. 
Occasionally we have had a complete failure of tumor “takes” in an entire 
series of experimental animals. Explanations for these complete failures are 
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Fig. 1. Growth rate of mammary 
fibroadenoma. 



MICROGRAMS TESTOSTERONE CYCLOPENTYL PROPIONATE: 

SC. PER OAY 

Fig. 2. Response of established mam- 
mar}' fibroadenoma to varying amounts of 
testosterone cyclopentylpropionate. Note: 
Final control tumor weights were lower 
than usual because these data were ob¬ 
tained in early days of investigations with 
tumor; at that time a rapidly growing 
“seed” tumor had not yet been discov¬ 
ered. 


not available. However, their frequency does not obviate the use of this 
tumor as an analytical testing method. 

Since the benign mammary fibroadenoma responds to androgenic agents, 
testosterone 'propionate was chosen as reference standard. In Table 3 data 
are shown to illustrate results obtained during a six-month period. It is 
obvious that testosterone propionate administration produces a consistent 
pattern of tumor inhibition (94-98%). Regression of the established mam- 

Table 1. Variation in size of mammary fibroadenomas 
35 and 65 DAYS FOELOWING TRANSPLANTATION 


Tlvt^ovi m f>TT f — 


35-day tumors 


65-day tumors 








No. 

No. 

No. 

Mean tumor 

No. 

No. 

Mean tumor 


rats 

tumors 

weight (gm.) 

rats 

tumors 

weight (gni.) 

1040 

10 

19 

.697 

10 

16 

8.400 

1037 

10 

19 

.605 

10 

17 

11.400 

1035 

10 

16 

.879 

10 

14 

11.203 

1034 

10 

17 

.977 

10 

18 

10.210 

1032 

10 

17 

.459 

10 

19 

4.430 

1028 

10 

19 

.436 

10 

16 

7.960 
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Table 2. Variation in xuaiber of tvmor “takes” followino 

TRANSPLANTATION OF BENIGN MAMMARY FIBROADENOMA 




No. tumors 
transplanted 

No. animals 


Experiment No. 

No. animals 

with tumors 
after 35 days 

Per cent 

1040 

200 

400 

130 

65 

1037 

200 

400 

90 

45 

1035 

200 

400 

120 

00 

1034 

200 

400 

102 

51 

1032 

200 

400 

128 

64 

1029 

200 

400 

135 

07 

1028 

200 

400 

150 

75 

102G 

200 

400 

95 

47 

1024 

200 

400 

150 

75 

1020 

156 

312 

107 

08 

1017 

202 

404 

134 

66 

1015 

200 

400 

155 

V/ 

1018 

200 

400 

130 

65 

Total 

2558 

4116 

1626 

Avg. 64 

Table 3. Effect of testostero.ve propionate on 


GROWTH HATE OF MAMMARY FIBROADENOMA* 


Treatment 

No. animals 
with tumors 
(35 days) 

No. takes 

35 days 65 day 

Mean tumor 
s weight (gm.) 

Per cent 
inhibition 

Initial Control 

10 

18 

0.602 


Final Control 

10 

16 

8.950 


Testosterone propionatef 

10 

17 

1.030 

94.9 

Initial Control 

10 

19 

0.356 


Final Control 

10 

17 

4.420 


Testosterone propionate 

10 

20 

0.568 

94.8 

Initial Control 

10 

19 

0.913 


Final Control 

10 

17 

6.070 


Testosterone propionate 

10 

18 

1.040 

97.9 

Initial Control 

10 

16 

0.950 


Final Control 

10 

15 

10.210 


Testosterone propionate 

10 

14 

1.130 

98.9 

Initial Control 

10 

15 

1.062 


Final Control 

10 

14 

17.880 


Testosterone propionate 

10 

11 

1.250 

98.9 

Initial Control 

10 

17 

0.977 


Final Control 

10 

13 

10.200 


Testosterone propionate 

10 

20 

1.180 

97.9 


* Selected at random from series of controls for period of C months, 
t 1.0 mg./day for 30 days, subcutaneously. 


marj' fibroadenoma has never been observed following administration of 
testosterone propionate. Microscopic examination of tumors from testo¬ 
sterone propionate-treated animals reveals no significant alteration in mor- 
phologic al characteristics.' During a twelve-month period five animals 

' jMorphoIogical examination of all tumors was made by Dr. John Clark, The Upjohn 

Company. Results will be published by Dr. Clark and the senior author in another com¬ 
munication. 





384 


GLENN, RICHARDSON AND BOWMAN 


Volume 


from 202 testosterone-treated female rats were observed to possess re¬ 
sistant tumors. 

A biphasic relationship exists between tumor development and dose of 
testosterone cyclopentjdpropionate. That is, low doses of this particular 
steroid (25-50 fxg./day) stimulate; higher doses inhibit tumor growth (Fig 
2 ). 

Table 4 shows the effect of varying amounts of estradiol on growth rate 
of tumors and various end organs of female rats. It is evident that 0.2 to 
48.0 Atg./kg. of this material stimulates tumor development. The effect of 
estrogen administration under these conditions is different from that re¬ 
ported following estradiol cyclopent 3 ’'lpropionate administz-ation beginning 
from daj^ 1 of tumor transplantation (Fig. 3). These results ma}^ indicate 
differences in sensitivit}^ of the established versus the newl 5 ^-transplanted 
tumor. Larger doses of estradiol maj^ be required to inhibit the established, 
rapidlj^ growing tumor. 

These latter results prompted a re-examination of possible differences be¬ 
tween treatment of animals beginning at the time of tumor implantation 
and treatment initiated after tumors were established, i.e., growing autono- 
mousl 3 ^ In Figure 3 results of treatment of tumor-bearing animals with 
various steroids are illustrated. Ail animals were treated from day 1 to day 
90 following transplantation. It is important to note that 17-methyltes- 
tosterone, 9o:-fluoro-ll/3-h3'drox3^-17-meth3dtestosterone (HaJotestm) and 
estradiol c 3 "clopent 3 dpropionate (2 //g./da 3 ^) all prevented this tumor from 
growing. The effect of estrogen under these conditions differs from that ob¬ 
tained when estradiol C3’clopent3dpropionate in equivalent amounts was 
administered following establishment of the benign mammaiy fibroade¬ 
noma (Fig. 4). 

It will also be noted that amounts of iD^drocortisone (2 mg./da 3 '’, every 


Table 4. Effect of estradiol on jiammary fibroadenoma development 

AND VARIOU.S ENDOCRINE ORGANS OF THE FEMALE BAT 


No. BW gain Uterus 
tumors (gm.) (mg.) 


Initial Control 
Final Controls 

19 

17 

4-16 

443 

Estradiol 

0.05 Rg./kg. 

12 

'f24 

467 

0.10 fig./kg. 

12 

-f20 

474 

0.20 fig./kg. 

12 

-t-19 

478 

0.50 Rg./kg. 

12 

4-22 

529 

1.50 Mg./kg. 

12 

4-26 

440 

3.00 Mg./kg. 

15 

4-15 

418 

6.00 Mg./kg. 

11 

4- 7 

441 

12.00 Mg./kg. 

14 

4- 9 

446 

24.00 Mg./kg. 

15 

+ 13 

623 

48.00 Mg./kg. 

13 

0 

759 

80.00 Mg./kg. 

14 

- 4 

688 


Ovaries putial Adrenal 
(mg.) gland (mg.) / ') inhibition 

(mg.) 


109 

77 

58 

0.559 

7.460 


110 

108 

68 

7.980 

+ ? 

102 

88 

68 

9.900 

-^36 

118 

69 

64 

15.570 

4-120 

100 

120 

69 

15.780 

-i-121 

93 

86 

62 

15.040 

-j-llO 

90 

77 

67 

13.870 

4-93 

86 

S3 

64 

14.120 

-f-97 

87 

88 

71 

7.830 


73 

99 

74 

10.020 


63 

81 

67 

9.090 

+24 

-16 

56 

97 

68 

6.340 




Fig. 3. Effect of various steroids on growth rate of the 
established mammar}' fibroadenoma. 



ESTRADIOL CP ’ pg / Kg /DAY: 30 DAYS 


Fig. 4. Effect of estradiol cyclopentylpropionate on the growth rate of the established 
mammary fibroadenoma. Note: Final control tumor weights were lower than previous 
series because same slow-growing “seed” tumor from data in Fig. 2 used for initial 
implantation. 
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Table 5. Effect of rRion administration of hydrocortisone 

ON SUBSEQUENT TUMOR GROAVTH 


No. 

No. 

Treatment 

Tumor size 

animals 

tumors 

35 days 65 days 

10 

16 

None 

0.972 

10 

18 

None 

20.200 

20 

38 

2.0 mg, hj'drocortisone per 
day, 5 da^'s before im¬ 
plantation 

51.530 

10 

17 

2.0 mg. hydrocortisone per 
daj’, 5 days before im¬ 
plantation 

0.875 


other day), sufficient to completely prevent bodj^ weight gain, had little in¬ 
fluence on tumor growth. These results are in direct contrast to those ob¬ 
tained following administration of lijulrocortisone prior to tumor trans¬ 
plantation. Hj^drocortisone (2 mg./day) was administered for 5 days be¬ 
fore tumor transplantation, then stopped; tumors were implanted on daj' 5 
and examined 65 days later. Under these circumstances, tumors from hj'- 
drocortisone-treated animals were two to three times larger than control 
tumors from untreated animals (Table 5). These results are important 
from the standpoint of possible relationships which may exist between host 
resistance and subsequent mammary fibroadenoma development. 

Results obtained with progesterone are in agreement with those reported 



Fig. 5. Effect of progesterone administration on established mammary fibroadcnoni.i. 
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b}' Huggins (1) who showed that treatment of animals with progestei-one 
beginning at the time of tumor transplant resulted in considerable enhance¬ 
ment of tumor growth rate (Fig. 3). HoweAmr, Avhen equiA^alent amounts of 
progesterone were administered to animals bearing rapidlj^ growing tumors 
(60 da.vs folloAAung transplantation) for a period of GO days (daj" 60-day 
120), no effect Avas obseiwed (Fig. 5). These results further emphasize dif¬ 
ferences AAdiich exist betAA^een treatment of animals AA'ith freshlj^-trans- 
planted tumors and animals with AA'ell-established tumors. Either tumor 
groAA'th is sufficient!}’’ autonomous or rapid during its later proliferatiAm 
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EACH BAR IS THE MEAN OF 10 RATS 
(12-16 TUMORS) 


Fig. 7. Influence of adrenalectomy, 
ovariectomy and adrenalectomy plus 
ovariectomy on the growth of the estab¬ 
lished mammary fibroadenoma. 



phases to prevent further influence b 3 '' progesterone, or the pro-tumor 
effect of this agent is limited entirelj'- to the liost. This unknown effect may 
permit better establisliment of tumor during its latent or early prolifera¬ 
tive phases of development. HoweArer, pi-ior administration of progesteiune 
to experimental animals before tumor implantation (4 mg. for 7 days) 
did not result in greater number of tumor transplant “successes.” 

In Figures 6 and 7 results are presented to show the effect of removal of 
ovaries and/or adrenals on tumor growth. Adrenalectomized animals were 
maintained on 0.9% NaCl and 0.2 mg. hydrocortisone per day. It is evi¬ 
dent that combined adrenalectom 3 '--ovariectom 3 ’' results in greater tumor 
inhibition. Neither procedure induces regression. 

Testosterone propionate administration induces an increase in pre¬ 
putial gland growth while exerting an inhibitoiy influence on mammary 
tumor development (Table 6). The effect of var 3 dng amounts of testosterone 
propionate on ovaries, adrenals and uterus are also shown in Table 6. 
Simultaneous inhibition of both ovarian and adrenal secretory actiAuty 
may explain, in part, the antitumor properties of this compound. 

Since increased groAvth rate of preputial glands folloAAung administra- 


Table 6. Effect of testosterone fbopionate on tumor 

AND HORMONAL TARGETS OF FEMALE RATS 


Testosterone 

propionate* 

(mg./kg./day, 

30 days) 

Tumor wt. 
(gm.) 

Uterus wt. 
(mg.) 

Preputial 
glands (mg.) 

Adrenal 

(mg.) 

0 

8.210 

582 

99 

62 

0.5 

5.420 

280 

152 

62 

1.0 

4.890 

339 

161 

51 

2.5 

0.850 

820 

229 

48 

5.0 

0.620 

901 

321 

48 


Ovary 

(mg.) 


90 

49 

38 

44 

56 


* 10 rats per dose, 12-13 tumors per group of rats. Pretreatment 
Testosterone propionate administered subcutaneously between days 35 and 65 alter 
transplantation. 
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Table 7. Effect of testosterone protionate on growth of seminal vesicles 

AND LEVATOR ANI MUSCLES OF CASTRATE MALE RATS 


Testosterone propionate 
(mg./kg./day, 20 days) 

No. rats 

Seminal vesicle 
(nig.) 

Levator ani 
(mg.) 

0.25 

10 

74 

70 

0.50 

10 

141 

116 

1.00 

10 

212 

159 

2.00 

10 

280 

171 

4.00 

10 

331 

189 

8.00 

10 

349 

179 

None 

10 

10 

49 


Note: These data were obtained following subcutaneous administration of testosterone 
propionate for 20 days to 27 day old castrate male rats (7). 


tion of androgen is presumed to be an index of its “masculinizing” activity 
(6), the response of these organs appears to be tiie most critical or sensitive 
index of androgenicity. However, this statement is merely a working 
hypothesis and does not imply that for a eompbund to stimulate preputial 
gland development it must also be an androgen. Growth hormone and 
ACTH have also been shmvn to stimulate growth of preputial glands (S, 
9). For comparative purposes, the androgenic and “myotrophic” activities 
of testosterone proprionate are illustrated in Table 7. Comparison of 
Table 6 with Table 7 reveals that amounts of testosterone propionate 
necessary to significantly inhibit mammary fibroadenoma growth rate are 
markedly androgenic and also significantly stimulate grondh rate of pre¬ 
putial glands. 
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INHIBITION OF MAMMARY FIBROADENOMA OF 
FEMALE RATS BY STEROIDS OF THE 
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ABSTRACT 

Results have been presented to suggest tliat steroids can inhibit benign mam¬ 
mary fibroadenoma development without exerting significant androgenic or es¬ 
trogenic effects in experimental animals. Preliminary observations suggest that 
the antitumor efficacj' of these agents may depend upon their ability to inhibit 
certain secretoiy functions of the adenoh}’pophysis. However, direct effects of 
steroids on tumor growth rate in the absence of the pituitary have not been 
determined. Final resolution of these questions awaits more detailed investiga¬ 
tion in experimental animals and man. 

Compared with 17-methyltestosterone, lla:-hydroxy-17-methyItestosterone 
and 9,ll-epoxy-17-methyltestosterone have decreased androgenic activity 
while their antitumor activity^ is in a large measure the same. Compared with 
19-nortestosterone, 2-methyl-19-nortestosterone has less so-called “masculiniz¬ 
ing” ability in female rats, but antitumor activity is substantially the same. 

Possible mechanisms regarding ability' of these steroids to inhibit growth 
rate of mammary fibroadenomas in female rats cannot be stated witli certainty 
at this time. 

G rowth rate of the Huggins tumor (a benign mammary' fibro¬ 
adenoma of rats) is retarded by' a number of androgenic steroids 
(1, 2). This tumor will not grow in male rats, will not grow in hypohysec- 
tomized rats (except rarely), and growth rate is decreased by' simultaneous 
removal of both adrenals and ovaries (3). The benign fibroadenoma has 
never been observed to undergo regression, nor are morphological charac¬ 
teristics significantly altered following administration of potent androgens 
(3). Growth rate is merely' retarded by' these agents. Growth rate is accel¬ 
erated by' administration of appropriate amounts of progestational and 
estrogenic steroids (2). However, these latter compounds do not markedly 
accelerate tumor growth when administered to hy'pophysectomized rats 
(2). If transplanted mammary fibroadenomas are allowed to grow for a 
number of weeks, followed by ovariectomy and/or hy'pophy'sectomy, they 
will stop growing but tumor regression is not induced by these procedines. 

Huggins (2) has reported that most C-19 steroids -which retard growt i 
rate of the benign fibroadenoma also possess varying degrees of estrogenic 
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or androgenic activity. Since hypophysectomy and ovariectomy retard 
tumor growth, an agent iviiicli effectively blocks ovarian or pituitary 
function, Avhich also possesses minimal androgenic or estrogenic activitj'’, 
would appear to be a desirable adjunct to treatment of patients with mam¬ 
mary carcinoma. 

SIETHODS 

A benign inaniniary fibroadenoma assay mctliod has been described previously (3). 
Techniques used here are modifications of those recently reported by Dr. Huggins (1). 
Essentiallj-, this procedure involves the use of an established tumor which has grown 
for 35 daj’S prior to steroid administration. Two tumors were usually present in each 
experimental animal; S-10 animals were employed for each experimental point. Con¬ 
trol tumors were weighed 35 days and 65 daj's following implantation. These were desig¬ 
nated initial controls and final controls respectively. An additional group, to which 1 mg. 
of testosterone propionate per day had been administered (day 35-daj' 65), was employed 
in everj’ experimental series and was designated hormonal controls. Steroids were ad¬ 
ministered daily (day 35-day 65) either orally or subcutaneously as finely dispersed 
suspensions in 0.5 cc. or 0.2 cc. of carboxymethj'lcellulose. 

Androgenic and “myotropbic” activities of steroids were determined by analysis of 
seminal vesicle and levator ani muscle weight changes in castrate male rats (4). Estro¬ 
genic activities of various steroids were determined by uterine weight changes in gonad- 
ectomized female rats. 

RESULTS 

Eesults obtained in the hormonal control gi-oup are indicated in Table 1. 
During the period in which the following experiments were undertaken 
(December, 1957-April, 1958) the benign mammary fibroadenoma was 
consistentlj" responsive to testosterone propionate. 

Testosterone propionate, at dose levels necessar}^ to significantly retard 
tumor growth, also stimulates gi'owth rate of preputial glands and uteri 
(Table 2). Growth of preputial glands of female rats following administra¬ 
tion of androgens has been selected as an index of "masculinizing” proper¬ 
ties of various compounds (5). That this assumption may not be strictly 
correct is indicated b}" studies which show that these end organs are also 
stimulated bj^ gi-owtli hormone and ACTH (6, 7, 8, 9). 

Investigations of antitumor activity of C-19 steroids revealed several 
interesting agents. Among these interesting compounds were 9,11-epoxy- 
17-meth3dtestosterone (U-5518) and Ila-h5''droxy-17-meth3dtestosterone 
(U-5662). When compared with testosterone propionate, these two com¬ 
pounds inhibited mammar 3 ^ fibroadenoma development, but had no effect 
on uterine development (Fig. 1). 9,ll-Epoxy-17-meth3dtestosterone did 
not stimulate growth rate of preputial glands at an 3 " dose level, while 
lla:-hydrox3"-17-methyltestosterone did. Although the latter agent ap¬ 
peared to be a more potent antitumor agent than testosterone propionate, 
it did not stimulate growth of preputial glands as markedl 3 ^ as testosterone 
propionate (Fig. 1). Oral activity of these two compounds is illustrated in 
Figure 2. When compared to 17-meth3dtestosterone, U-5518 was equally 
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Table 1. Effect of testosterone propionate administration (5 mg./kg.) 

ON GROAVTII RATE OF ESTABLISHED BEiN’IGN MAMMARY FIBROADENOMA 


No. 

animals 

No. 

tumors 

Control tumors 

Testosterone 
propionate 
(1 mg./clay, 

30 clays) 

Per cent 
tumor 
Inhibition 

35 Days 
(gm.) 

05 Days 
(gm.) 

10 

10 

.478 




10 

15 


0.020 



S 

15 



.680 

96.4 

10 

10 

.502 




8 

15 


10.426 



8 

13 



.876 

98.4 

10 

10 

. 557 




10 

15 


11.570 



8 

10 



.901 

06.9 

10 

18 

.810 




10 

20 


12.830 



10 

20 



.954 

98.9 

10 

16 

.080 




10 

12 


10.045 



10 

18 



.701 

100.0 

10 

10 

.557 




10 

12 


0.034 



10 

15 



.044 

97.7 

10 

20 

.473 




10 

14 


8.310 



10 

14 



1.704 

S3.2 

10 

15 

.383 




10 

15 


O.IGO 



10 

14 



1.330 

89.2 

5 

10 

.458 




8 

11 


11.059 



8 

12 



1.203 

92.9 

10 

10 

.755 




10 

20 


3.082 



10 

20 



.761 

100.0 

10 

10 

.373 



' 

10 

14 


2.744 



10 

10 



.568 

91.8 


Table 2. Effect of varying amounts of testosterone propionate on growth rate 

OF BENIGN mammary FIBROADENOMA AND VARIOUS ORGANS OF INTACT FEJIALE RATS 


Dose 

mg./kg./day 
SC. 

No. 

Ani¬ 

mals 

No. 

Tu¬ 

mors 

Body 

weight 

gain 

(gm.) 

Uterus 

(mg.) 

Ovaries 

(mg.) 

Pre¬ 

putial 

gland 

(mg.) 

Adrenals 

(mg.) 

Tumor 

^vt. 

(gm.) 

%. 

Inhibi¬ 

tion 

Initial 

Controls 

Final 

Controls 

10 

8 

19 

13 

4-36 

571 

rF 

91 

87 

60 

0.697 

8.400 

35 

40 

99 

100 

0.5 

8 

16 

4-50 

271 

50 

151 

62 

0. / OO 

1.0 

8 

16 

4-54 

384 

36 

158 

53 

5.360 

2.5 

8 

12 

4-56 

842 

44 

230 

50 

0.834 

5.0 

8 

13 

-1-55 

900 

52 

307 

48 

0.720 


March, 1959 INHIBITION OF IMAMMARY FIBROADENOMA 393 


Fig. 1. Effect of subcutaneously ad¬ 
ministered testosterone propionate, U- 
5518 and U-5662 on growth rate of es¬ 
tablished mammary fibroadenoma, pre¬ 
putial glands and uteri of intaet female 
rats. 



as effective as an antitumor agent, but did not stimulate significantly 
groAvth rate of preputial glands. 

Androgenic and “mjmtrophic” effects of these two steroids were com¬ 
pared in castrate male rats. Analysis of data shown in Figure 3 reveals that 



Fig. 2. Effect of orallj' administered 
17-methyltestosterone, U-5662 and U- 
5518 on growth of established mammary 
fibroadenoma, preputial glands and uteri 
of intact female rats. 



INCREASE IN SEMINAL VESICLE AND/OR LEVATOR ANI WEIGHT-MGS. 


394 


GLENN ET AL. 


Volume 6Jf 



Fig. 3. “Myotrophic” and androgenic 
potency of testosterone propionate, II- 
5662 and U-5518. 


both these steroids are less than 5% as active as testosterone propionate 
as androgenic or ‘'m 3 "otrophic” agents. In addition, dose levels which 
produce significant anti-tumor activity in female rats were not androgenic 
in male rats (Figs. 1 and 3). 

When administered at tlie higher dose levels (15 mg./kg.) to gonadecto- 
mized female rats, neither 9,ll-epox3’'-17-meth5dtestosterone nor lla- 
hydrox3’--17-meth3dtestosterone exhibited a significant degree of utero- 
trophic activit 3 \ However, the llQ:-h 3 '’drox 3 " compound augmented slightlj^ 
the growth stimulatoiy effects of estradiol on the uterus (Table 3). 

Since l3oth lla-hj^drox^^-W-methjdtestosterone and 9,ll-epoxy-17- 
methyltestosterone inhibited tumor growth without appearing to possess 
a significant degree of either androgenic or estrogenic activity, it was of 
interest to determine their effects on other end organs. Results of these 
experiments are illustrated in Table 4. It is apparent that both compounds 
significant!}/ retarded growth of ovaries and adrenals of tumor-bearing 
female rats. 

It has been demonstrated previously that 15 mg./kg. of either of these 
latter compounds is less than 5% as androgenic as testosterone propionate 


Table 3. Uterotbophic and anti-uterotrophic activity of 
lla-HYDROXY-17-METHYLTESTOSTERONE (U-5662) AND 
9,11-epoxy-17-metiiyltestosterone (U-551S) 



Preparation 

No. rats 

Dose per day 
(20 days) 

Uterus 

(mg.) 

A 

CMC Vehicle 

10 

0.2 cc. 

22 

143 

23 

19 

143 

164 

B 

Estradiol 

10 

0.8 Mg- As- 

C 

U-5518 

10 

15.0 mg./kg. 

D 

U-56G2 

10 

15.0 mg./kg. 


B-HC 

10 



B-t-D 

10 
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Table 4. Effect of testostehone protionate, 9,ll-Ei'oxY-l/-METHyijTEST0STER0NE and 

lla-HYDno.KY-l7-METHYETESTOSTERON'E ON GROWTH OF VARIOUS ORGAN'S OP FEMALE RATS 


No. 

rats 

Compound 

Do.se 
(mg./kg.) 
30 days 

Uterine 

wt. 

(mg.) 

Ovarian 

wt. 

(mg.) 

Preputial 

gl.and.s 

(mg.) 

Adycnals 

(mg.) 

Mean 
tumor wt. 
(gm.) 

10 

TP 

5.0 

779 

95 

300 

GO 

.980 

10 

U-5062 

15.0 

389 

82 

208 

51 

.670 

10 

U-5518 

15.0 

440 

78 

102 

48 

.510 

10 

CMC Vehicle 

— 

520 

no 

92 

72 

9.700 


rCote: Initial tumor ^Yoight; .429 gun. (10 animals, IS tumors). 


at 5 mg./kg. (Fig. 3). However, when similar amounts were administered 
in these experiments, both of these compounds appeared to be slightl}’" 
more active than testosterone propionate with regard to tlieir ability to 
inhibit ovarian and adrenal function. 

During the studies detailed above, several preliminary observations sug¬ 
gested tliat marked differences existed witli regai’d to tlie effects of otlier 
steroids on growth rate of benign mammaiy fibroadenomas. At 15 mg./kg. 
19-nortestosterone inhibited mammary fibroadenoma development, but 
also induced marked increases in preputial gland weight. However, at 
equivalent dose levels, the 2-methjd compound (2-methyl-19-nortesto¬ 
sterone) was as effective as an antitumor agent, but failed to stimulate 
significantly growth rate or preputial glands (Table 5). Further analj^sis of 


Table 5, Effect of 19-nortestostebone, 2-methvl-19-nortestosterone 
AND testosterone PROPIONATE ON GROWTH OF BENIGN MAilMARV 
FIBROADENOMA OF FEMALE RATS 


Preparation 

Dose No. 

(mg./kg.) animals 

No. 

tumors 

Preputial 

glands 

(mg.) 

Tumor 

wt. 

(gm.) 

Per cent 
inhibition 

Final Controls 

_ 

8 

11 

99 

8.375 


19-Norte.stosterone 

15 

8 

15 

317 

.980 

100 

2-Methyl-19-nortestosterone 

15 

8 

11 

103 

.820 

100 + 

Testosterone propionate 

5 

8 

11 

279 

1.130 

08 

Initial Controls 

— 

10 

16 


.950 



these observations is illustrated in Figure 4. It is apparent that 2-meth3d- 
19-nortestosterone is a potent antitumor agent with minimal activity 
with regard to its ability to stimulate preputial gland development. Its 
antitumor effectiveness may reside in its ability to inhibit pituitar}'' gona¬ 
dotropin secretion as reflected by decreased ovarian and uterine weight 
changes following its administration. 

When 9,11-epoxy-l 7-methyltestosterone, 11 a-hydroxy-17-methyltesto- 
sterone and 2-methyl-19-nortestosterone were administered at the 15 mg. 
/kg./day level to weanling male rats, results indicated that 2-methyl-19- 
nortestosterone was an effective gonadotropin suppressor. 9,ll-Epoxy-17- 
methyltestosterone and lla;-h3"drox.y-17-methyltestosterone did not dem¬ 
onstrate this degree of gonadotropin suppression (Table 5a). 
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Fig. 4. Effect of 2-methyl-19-nortes- 
tosterone on growth rate of mammary 
fibroadenoma, preputial glands, uteri, 
ovaries and adrenals of intact female 
rats. 


In order to further investigate the failure of lla-hydroxy-17-methyl- 
testosterone to inhibit gonadotropin secretion, it was administered in 
varying amounts to male weanlings for a 40-day period. When compared 
with testosterone propionate, it will be noted that lla-hydroxy-l7-methyl- 
testosterone failed to inhibit testicular development (Table 5b). On the 
contrary, this steroid inhibited seminal vesicle growth rate, while testo¬ 
sterone propionate produced a marked increase in growth rate of this organ. 
These results are interesting with regard to antitumor effects of lla- 
hydroxy-17-methyitestosterone which are significantly greater than those 
produced by testosterone propionate (Fig. 1). These latter results further 
emphasize the unique character of lla-hydroxy-17-methyltestosterone. 

Administration of 2-methyI-19-nortestosterone to female weanling rats 
resulted in marked depression of ovarian and uterine weights (Table 5c). 
These latter results also suggest that 2 -meth 3 d- 19 -nortestosterone is an 
effective gonadotropin suppressor at the particular dose levels emplo 3 "ed. 

Administration of 2-metli3d-19-nortestosterone to castrate male rats 


Table 5a. Effect of 2-METHYL-19-NonTESTosTERoxE, 9,11-ei>oxY'17-methyltesto- 
STERONE, AXD 1 la-HYDROXY-lT-METIIYLTESTOSTEROXE OX GROWTH RATE OF TESTES* 


No. 

animals 

Compound 

Dose 

(mg./kg.) 

Route 

Testes 

(mg.) 

Seminal 

vesicles 

(mg.) 

Adrenals 

(mg.) 

Body 
weight 
gain (gm.) 

10 

Controls 

_ 

_ 

2274 

269 

33 

113 

10 

9, ll-Epoxy-17- 
methvltestosterone 

15 

SQ 

2192 

200 

33 

100 

10 

1 l«-Hydroxy-17- 
metii\dtestosterone 

15 

SQ 

2187 

201 

30 

lit 

10 

2-Methyl-19- 

nortestosterone 

15 

SQ 

1130 

132 

29 

I06 


* Weanling male rats, 70-80 gm.; treated 40 daj'S. 
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Table 5b. Effect of testosterone propionate and lla-HVDROXY'17-METHYLTESTO- 
STERONE ON GROWTH KATE OF SEMINAL VESICLES AND TESTES OF IMMATURE RATS 


No. 

animals 

Compound 

Amount 

Route 

BW 

gain 

(gm.) 

Seminal 

vesicles 

(mg.) 

Testes 

(mg.) 

5 

TP 

50 /ig./day 

SC 

220 

641 

2820 

5 

TP 

100 ng./dav 

SC 

237 

663 

2460 

5 

TP 

400 iig./day 

SC 

218 

1040 

1170 

5 

TP 

1000 /ig./day 

SC 

188 

1516 

2250 

5 

11 -OH-MT 

50 Aig./day 

SC 

236 

489 

2800 

5 

11 -OH-MT 

100 /jg./day 

SC 

232 

509 

3010 

5 

11-OH-MT 

400 >»g./day 

SC 

218 

344 

2800 

5 

11-OH-MT 

1000 ag./day 

SC 

237 

418 

2900 

5 

Vehicle 

2 cc./daj' 


226 

629 

3100 


* Compounds administered for 40 da 3 'S. Weanling male rats, 25 days old at beginning of 
e.xperiment. 


Table 5c. Effect of 2-methyl-19-.vortestosterone on growth rate of ovaries, 

ADRENALS AND UTERI OP WEANLING FEMALE RATS* 


No. rats 

Compound 

Dose 

Route 

Preputial 

(mg.) 

Uterus 

(mg.) 

Ovaries 

(mg.) 

.Adrenals 

(mg.) 

Initial 
BW (gm.) 

Final 
BW (gm.) 

10 

None 


_ 

61 

271 

7.3 

49 

55 

174 

10 

2-T^Iethyl-19- 

nortestosterone 

15 mg./kg. 

SQ 

57 

139 

27 

34 

63 

214 


* Compound administered in 0.2 cc. carbovymethylcellulosc per day for 40 days. 


(15 mg./kg.) indicated that this compound was less than 1% as effective 
as testosterone propionate as an androgen and less than 2% as effective as 
a “mjmtrophic” agent (Table 6). As a uterotrophic agent this compound 
was 0.001% as active as estradiol (Table 7). This degree of uterotrophic 


Table 6. Effect of 2-jtETHYL-19-NORTESTOSTBRONE and testosterone propionate on 
GROWTH RATE OF SEMINAL VESICLES AND LEVATOR ANI OF CASTRATE MALE RATS 


Compound 

No. rats 

Dose—SC 
(mg./kg.) 

Seminal vesicle 
(mg.) 

Levator ani 
(mg.) 

Vehicle 

10 

0.1 cc. 

0 

41 

2-Meth3'l-19-nortestosterone 

10 

15,0 

34 

97 

Testosterone propionate 

10 

0.25 

74 

80 


10 

0.50 

140 

118 


10 

1.00 

210 

150 


10 

2.00 

277 

170 


10 

4.00 

320 

185 


10 

8.00 

351 

161 


Table 7. Effect of 2-methyl-19-nortestosterone and estradiol on 

UTERINE GROWTH OP GONADECTOMIZED FEMALE RATS 


Preparation No. rats 


A Vehicle 10 

B Estradiol 1 q 

C ^j^Iethj’l-19-nortestosterone 10 

B + C 10 


Dose 

(20 days, SC) 


0.4 Atg./kg. 
15.0 mg./kg. 


Uterus 

(mg.) 

22 

106 

57 

118 
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activity does not appear to explain entirely the effectiveness of 2-niethyl- 
19-nortestosterone as an antitumor agent, since somewhat larger amounts 
of estradiol are required to produce stimulation of established tumor 
growth (Table 4, previous paper). Amounts necessary to produce tumor 
inhibition have not been ascertained for the established tumor, but, since 
15 mg./kg. of 2-meth3d-19-nortestosterone is less active than 0,15 ^g./kg. 
of estradiol, its minimal activitj'^ as an estrogen does not appear to explain 
its antitumor effects. 

That a steroid can have minimal “masculinizing” properties while exert- 



tfi 




Fig. 5. Effect of 9a-fluoro-ll/3-hyclro.\y-17-mcthyltestosterone on uterus, ovaries, 
preputial glands, adrenals and benign fibroadenoma of intact female rats. 


ing maximal effects on growth rate of mammarj'- fibroadenoma of experi¬ 
mental animals is well demonstrated in Figure 5. These data resulted from 
administration of 9a-fluoro-ll|3-h3fdrox3'^-l7-methyltestosterone {Haloies- 
iiny subcutaneousl}’’ to animals bearing the Huggins tumor. When com¬ 
pared to Figures 1 and 2 it is apparent that 9a-fluoro-ll/3-h3''droxy-l7- 
meth 3 dtestosterone exerts maximal anti-tumor effects at dose levels which 
induce less stimulation of preputial gland growth than 17 -meth 3 dtesto¬ 
sterone or testosterone propionate. However, in contrast to W-metltyltes- 
tosterone, 9Q:-fluoro-ll|3-h3^droxy-17-meth3dtestosterone causes a marker 
increase in growth rate of uteri of intact female rats. 


1 Registered trade mark. The Upjohn Compau}'. 
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THE MECHANISM OF INSULIN RESISTANCE IN 
THE KL STRAIN OF MICE: INACTIVATION 

OF INSULIN 

BERTIE F. ARGYRIS'-^’^ 

Zoology Department, Syracuse University, Syracuse, iVew York 

ABSTRACT 

Insulin resistant (KL) mice, which tolerate 300-500 units of insulin without 
going into convulsions, inactivate insulin in vivo and in vitro at the same rate as 
control (BUB) mice which convulse after 50 units of insulin. The fasting blood 
sugar, glucose tolerance and pancreatic insulin content of the KL mouse is 
normal. After injection of small doses of insulin, the blood sugar response of 
the fed KL mouse is similar to that of the control BUB mouse. Following large 
doses of insulin, the blood sugar of control mice reaches the convulsive level 
within 2 hours. In the KL mouse, on the other hand, the blood sugar level 
declines but remains slightly above the convulsive level for 20-28 hours. These 
results are taken as evidence that insulin resistance in the KL mouse is not due 
to an increased insulinase activity, but to the ability of the animal to maintain 
a blood sugar slightly above the convulsive level for a long period after insulin 
administration. 

M ice of the KL strain tolerate from 300-500 units of insulin without 
going into convulsions (1). Control BUB mice are more sensitive 
and convulse after doses below 50 units. The resistance to 300 units in the 
KL mouse is fully developed at 35 days of age, whereas older mice tolerate 
500 units (1). Cenetic studies suggest that the resistance may be due to 
about three pairs of additive recessive genes (2). 

Previous investigations on the nature of insulin resistance in the KL 
mouse have shown that increased insulin excretion (3), increased gluca¬ 
gon secretion (4), or anti-insulin factors in the serum (5) cannot account 
for the insulin tolerance. Beyer (3) has found, however, that the liver of 
the KL mouse is capable of inactivating much larger doses of insulin 
than the liver of the control mouse. This increased in vitro insulinase 
activity of the liver is not shared by the kidney, spleen, muscle or blood 
of the KL animal (3). 

Received July 18, 1958. 
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A further investigation of this reported in vitro insulinase activity es¬ 
pecially as related to in vivo activitj'^, seemed advisable. If there were an 
increased in vivo insulinase activit}'^ in the KL mouse, one might expect a 
corresponding lack of circulating endogenous insulin and consequent!)'- a 
high blood sugar level, simulating a diabetic condition. Or, if the blood 
sugar of the KL mouse were normal, one might expect an increased rate 
of insulin secretion by the islets of Langerhans to counterbalance the high 
rate of insulin destruction. On the other hand, possibly the insulinase sys¬ 
tem is activated only after large doses of exogenous insulin. If such an 
"emergency response” is operating in the KL mouse, one would expect a 
normal blood sugar level and insulin concentration in the pancreas before 
insulin administration. 

Our results indicate that, although a slightly increased rate of insulin 
destruction may exist, it cannot fully explain the insulin resistance of the 
KL mouse. The mechanism of insulin resistance more probably resides in 
the ability of the KL animal to maintain a blood sugar slightly above the 
convulsive level for a long period of time after large doses of insulin. 

MATERIALS AND METHODS 

All mice were bred and maintained in air-conditioned, proper!}' humidified animal 
quarters. The insulin resistant (KL) animals^ were screened at 40 days of age with an 
intraperitoneal injection of 200 units of insulin (Iletin, U-500).^ During the screening 
procedure, food pellets were placed on the bottom of the cage. Control mice of the BUB 
strain® were used. 

Deslruciion P’^-labeled insxdin by rat liver exlracls: The in vitro insulinase activity was 
assayed by the method of Mirsky el al. (6), but the liver homogenates were prepared in 
4 volumes of 0.067 it/ phosphate buffer. One ml of the supernatant fluid was incubated 
with 1 ml. of an insulin solution, containing 0.027 unit of zinc-insulin (Iletin) and 0.5 
microcurie of insulin-I'”,' in a Dubnoff shaker at 38° C. As a control, the same amount of 
insulin was added to 1 ml. of phosphate buffer. After 30 minutes of incubation, the 
mi.xture was poured into tubes containing 2 ml. of 10% trichloroacetic acid (TCA), and 
centrifuged for 10 minutes at 18,000 Xg. The supernatant was diluted to 5 ml. with TCA 
and the precipitate dissolved in 5 ml. of 30% KOH. The radioactivity of 2 ml. aliquots 
from the supernatant and dissolved precipitate was measured with an end-window 
Geiger tube with a window thickness of 2.5 mg./cm.'*. Samples were counted in duplicate 
for 5 minutes and appropriate corrections for background counts were made. The 
per cent of total counts present in the supernatant fraction was used as a measure of 
insulin breakdown. The radioactivity in the supernatant of the control solution repre¬ 
sented the small amount of non-precipitable insulin-I*®i and was subtracted from the ex¬ 
perimental values. 

In vitro insulinase activity determined by the mouse bioassay technique: The liver 
homogenates were prepared as above in 3 volumes of cold 0.067 M phosphate buffer. 
After centrifugation the pH was adjusted if necessary to 7.5 with 1% KOH. One ml. of 

-* Originally from the colony of Dr, Herman B. Chase, Brown University. 

® Generous quantities of U-500 zinc-insulin were supplied by the Lilly Research 
Laboratories, through the courtesy of Drs. 0. K. Behrens and W. R. Kirtley. 

® Originally from the colony of Dr. J. W. Wilson, Brown University. 

" Prepared by Abbott’s Laboratories. 
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the supernatant was incubated in a 37° C waterbath with 12 or 100 units of zinc-insulin 
(Iletin) for 30 minutes, and tlie mixture was shaken at 70 cj'cles per minute. As a control 
1 ml. of insulin was incvdrated with 1 ml, of phosphate buffer. 

For the insulin assaj", an aliquot of the incubation mixture was diluted so that it con¬ 
tained a maximum of 0.05 unit per 0.25 ml. of solution. This was injected intraperi- 
toneally into groups of 6 female Swiss albino mice® which had been fasted in individual 
metabolism cages for 16 hours. The bioassaj’- animals were 4 months old and weighed 
22-23 gm. The per cent of the initial blood sugar at 60 minutes was used as a measure 
of the amount of insulin left in the incubation mixture. Control mice received the diluted 
insulin-buffer solution (0.05 and 0.025 unit). The bioassay mice were re-used at intervals 
not shorter than one week. Groups were interchanged so that animals which received 
KL extract the first time were injected with BUB extract the next time. 

The blood sugar was measured according to the Nelson-Somogyi method (7) on 
small samples (0.03 ml.) of tail blood. The volumes of all solutions were reduced pro- 
portionalljr. 

InsuHn-P^^ destruction by intact mice: The in vivo rate of insulin destruction was meas¬ 
ured by the technique of Mirskj' et al. (8). Fed mice were injected intraperitoneally with 
0.25 ml. of an insulin solution containing 10 units of zinc-insulin (Iletin) and 10 micro¬ 
curies of insulin-U®h They were sacrificed 60 minutes later and homogenized in a Waring 
Blendor for 8 minutes with 70 ml. of cold 10% TCA. All the glassware was kept cold 
before use and 1 mg. of bovine plasma albumin was added to decrease the adsorption of 
F®' to the glass (9). Part of the mixture was centrifuged and the radioactivity determined 
on 2 ml. aliquots of the whole homogenate and supernatant. Conditions and technique 
of counting were as described above. Samples were counted for 5 minutes or until at 
least 2,000 counts were recorded. The per cent of total counts present in the supernatant 
fraction in the form of P®'-labeled fragments was used as an index of insulin breakdown. 
To account for the amount of insulin destroyed during the homogenization process, one 
group of mice was killed immediately after the insulin injection and the degree of insulin 
breakdown in these control mice was determined. 

Glucose tolerance; For the glucose tolerance tests, mice were fasted 16 hours in indi¬ 
vidual metabolism cages and injected intraperitoneally with 1 mg. of glucose per kg. 
bodyweight. The glucose was injected as a 10% saline solution and blood sugar values 
determined before and at intervals after glucose administration. 

Pancreatic extraction: The pancreases of mice, fasted for 15 hours, were extracted 
according to the technique of Best ct al. (10). The final precipitate, consisting of insulin 
and the hyperglycemic factor, was dissolved in isotonic saline (pH 2.5) of 30 times the 
volume of the original pancreatic weight. In most cases the pancreases of 2 animals were 
pooled. 

Bioassay of the pancreatic extracts for its insulin content was carried out on fasted 
BUB male and Light female mice.® The age, sex and bodj" weight of the bioassay mice in 
the experimental and control groups was matched. The average blood sugar drop of 0 
mice during 60 minutes was used as a measure of insulin activity in the extracts. Extrac¬ 
tion and bioassay of the experimental (KL) and control (BUB) pancreases were per¬ 
formed simultaneously. As a control for the bioassay, fasted BUB male mice were 
injected intraperitoneallj^ with 0.4 ml. of acid saline and the blood sugar change deter¬ 
mined. To estimate the amount of insulin extracted from the KL and BUB pancreas, 
standard doses of insulin, dissolved in isotonic acid saline, were injected into faster 
BUB male mice and the drop in blood sugar determined. 

Instilin tolerance: For the insulin tolerance experiments the mice were kept in indivic- 


® Purchased from the Albino Farms, Red Bank, New Jersej\ 
® Kindl}^ supplied by Dr. H. B. Chase. 
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ual metabolism cages. Insulin was administered intraperitoncalty and blood sugar levels 
were determined before and at intervals after insulin injection. All mice were allowed 
water and Purina Chow pellets ad Hbitu77i during the test. 

EESUIiTS 

hisulm. inactivation: A preliminary determination of the in vitro in- 
sulinase activity with radioactive insulin was carried out in an attempt to 
confirm Beyer’s findings of an increased insulinase activity in the KL 
liver (3). The results in Table 1, however, indicate that the per-cent of 
insulin-I^^' breakdown by liver extracts of insulin resistant (KL) and con¬ 
trol (BUB) mice is similar (t = 0.7; P = .52). Since a very small concentration 
of insulin was used in our incubation medium (0.027 unit) and since the 
increased insulinase activit}’' may onl 3 '^ manifest itself in the presence of 


Table 1. Pheliminary DETERSfiNATroN of the tn viVro liver insulinase activity of 
INSULIN resistant (KL) AND CONTROL (BUB) MICE 







Av. coiints/min. 

% 

insulin 



Strain 

Sex 

No 

(mo.) 

Body 

wt. 

(gm.) 

Liver 

wt. 

(gm.) 

/aliquot 

Insulinase Recovcri' 

_Pre- Super- 
cipitate natant 

break¬ 

down 

activity 

(%) 






KL 

M 

3 2-4 

30 

1.9 

258 010 

70 

45 + 0.9 

94 

BUB 

M 

3 2-4 

29 

1.7 

277 617 

09 

44+1.0 

96 



Control solution 


074 223 

26 




large doses of insulin, Beyer’s experimental technique was repeated, using 
the bioassay method to measure in vitro insulin braekdown. Liver extracts 
were incubated with 12 or 100 units of insulin for 30 minutes and the 
amount of active insulin remaining in the incubation mixture was deter¬ 
mined. Figure 1 represents the per cent of the initial fasting blood sugar 
of Swiss mice, one hour after the intraperitoneal injection of liver-insulin 
mixture. The average initial fasting blood sugar value of Swiss mice is 51 
±4 mg.%. The results in Figure 1 indicate that there is an equal amount of 
insulin left in the experimental (KL) and control (BUB) incubation mix¬ 
tures, for the blood sugar drop in both groups of bioassay mice is similar. 
This implies that the m vitro inactivation of 12 or 100 units of insulin by 
the KL and BUB liver is similar. Blood sugar levels of bioassaji mice in¬ 
jected with standard doses of 0.05 and 0.025 units of insulin (Fig. 1) indi¬ 
cate that approximately 50% of the insulin substrate is broken down 
during the 30 minute incubation period. We can conclude therefore, that 
the liveis of insulin resistant (KL) and control (BUB) mice inactivate insu¬ 
lin in vitro to the same extent. 

Since in vitro results may not accurately reflect in vivo conditions, the 
ra e o insulin-I breakdown in intact animals has been determined. Intact 
msu in resistant (KL) mice do inactivate 10 units of radioactive insulin at 
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(WOF 

INITIAL 



LIVERof KL BUB KL BUB CONTROL 
INSUUN 12 U 100 U .05 .025 U 

SUBSTRATE 


Fig. 1. In vitro insulinase activity of 
insulin resistant (KL) and control (BUB) 
liver, incubated with 12 and 100 units of 
insulin for 30 minutes at 38° C. ( ) indi¬ 
cates the number of bioassaj- mice. 


a slightly higher rate than control (BUB) animals, but the difference is 
not significant at the one per cent level (t = 2.3; P = .0344) (Table 2). In¬ 
creased rate of insulin destruction therefore cannot fully explain the insu¬ 
lin resistance in the KL mouse. 

Glucose tolerance and pancreatic extraction: The fasting blood sugar levels 
and glucose tolerance tests of insulin resistant (KL) mice are similar to 
those of the control (BUB) strain (Fig. 2). If the degree of insulin destruc¬ 
tion in the KL mouse were high, a corresponding increase in the rate of 
insulin secretion might be expected in order to account for the normal 
blood sugar levels. To test this possibility, pancreases of insulin resistant 
(KL) mice were extracted and the insulin content was determined by the 
bioassay technique. Figure 3 represents the blood sugar levels of BUB 
and Light bioassaj^ mice before and one hour after the intraperitoneal in¬ 
jection of KL and BUB pancreatic extracts. The decreases in blood sugar 


Table 2. Insuhn-I'^' breakdown in intact insulin resistant (KL) and control 
(BUB) mice after the intraperitoneal injection of 10 units of insulin, 
CONTAINING 10 MICROCURIES OF INSULIN-I'®' 


Strain 

No. 

Sex 

Age 

Body 

Av. counts/min. 
/total sample 

%. 

insulin 

Insulinase 

activity 

(mo.) 

(gm.) 

Homoge¬ 

nate 

Super¬ 

natant 

break¬ 

down 

KL 

10 

M 

2-3 

30 

47,030 

9,893 

23.7 

21.1 ±1.6 

BUB 

9 

M 

2-3 

30 

42,923 

7,999 

18.6 

17.1 ±1.4 

Control 

(KL-bBUB) 

3 

M 

2-3 

30 

48,376 

111 

1.6 

- 
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Fig. 2. Glucose tolerance of insulin re¬ 
sistant (KL) and control (BUB) mice. ( ) 
indicates the number of mice. 



levels are the same and consequent^'’ the amount of insulin in the experi¬ 
mental (KL) and control (BUB) pancreatic extracts must be similar. By 
comparing the blood sugar drop after injection of pancreatic extracts with 
the blood sugar decline after known doses of insulin, it is apparent that 
0.4 ml. of pancreatic e.xtract contains approximately 0.01 unit of insulin. 
Since the dilution factor in this technique is 30, it appears that the pan¬ 
creas of both the KL and BUB mouse contains approximately 0.75 unit 


of insulin per gram of tissue. This 
ported by Marks e( al. (11). 



corresponds to the fasting values re^ 


Fig. 3. E.\tractable insulin from the 
pancreas of insulin resistant (KL) and 
control (BUB) mice. Values represent 
blood sugar levels of fasted mice before 
and one hour after the intraperitoneal in¬ 
jection of the pancreatic extracts. ( ) in¬ 
dicates the number of mice. 
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Insulin iolerance curve: Insulin resistance could be due to a failure of 
insulin to exert its usual blood sugar lowering effect. That this is not the 
case in the KL mouse is indicated in Figure 4. The injection of one unit of 
insulin into fed KL mice is followed by a drop in blood sugar level, with a 
gradual return to normal in 4 hours. This blood sugar response is similar 
to that of control (BUB) mice (Fig. 4). After 200 units of insulin, however, 
the blood sugar in the KL mouse declines at aljout the same rate as after 


MG IX) 



Fig. 4. Insulin tolerance of fed insulin resistant (KL) and control (BUB) mice after 
tire intraperitoneal injection of 1 and 200 units of insulin. ( ) indicates the number of 
mice. 

one unit, but remains at approximate^^ a 30 mg.% level for 20 hours. Not 
until 27 hours after the insulin injection does the blood sugar level return 
to normal (Fig. 4). The blood sugar of the control BUB mice decreases 
rapidly and the animals convulse in 2 hours. These experiments indicate 
that insulin does have a blood sugar lowering effect in the KL mouse and 
that the insulin resistance mechanism probably resides in the ability of 
the KL animal to maintain a blood sugar slightly above the convulsive 
level for a long period of time. 


DISCUSSION 

The results reported here indicate that an increased 'rate of insulin 
destruction cannot fully explain the insulin resistance of the KL mouse, as 
is evident from the studies on insulin breakdown in vitro and vi vivo. 
Using both the bioassay and the insulin-B^^ technique, to assay insulinase 
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activity, it is clear that no difference exists in the rate of insulin breakdown 
between the experimental (KL) and control (BUB) groups of mice. 

Indirect evidence for a normal rate of insulin degradation in the insulin 
resistant (KL) mouse is provided by the normal blood sugar values and 
pancreatic insulin content. If the rate of insulin breakdown were high, a 
correspondingly high blood sugar level or an increased rate of pancreatic 
insulin secretion would be expected to counterbalance the rapid rate of 
insulin destruction. As pointed out before, a normal blood sugar value, 
accompanied by a normal insulin concentration in the pancreas could also 
be interpreted in terms of an “emergency response.” The insulin resistant 
(KL) mouse may increase its insulinase activity only after the adminis¬ 
tration of large doses of insulin. In that case, the untreated mouse would 
have a normal rate of insulin destruction and secretion, keeping the blood 
sugar balanced. 

The emergency response, however, is unlikelj^ in the light of observations 
of the blood sugar response of the KL mice after 200 units of insulin. Under 
these conditions, the blood sugar level declines to a value of 30 mg.% and 
remains at this approximate level for about 27 hours. If the rate of insulin 
breakdown in the KL mouse were high, or if the injection of 200 units of 
insulin would activate the in vivo insulinase S3'stem, the blood sugar level 
would be expected to return to normal values much earlier than is actually 
the case. 

We feel that the mechanism of insulin resistance resides in the abilitj’’ of 
the KL mouse to maintain a blood sugar slightl}’’ aboA’-e the convulsive 
level for a long time after insulin administration, in contrast to a control 
mouse which allows the blood sugar to drop rapidly and reach the convul¬ 
sive level. This result implies that the insulin resistant mice have access to 
a readily available carbohydrate source which they can utilize to counter¬ 
balance the insulin-induced hj'poglj^cemia. This source does not neces- 
sarilj" have to be extensive since the animal maintains the blood sugar at 
onl}’^ 20 mg.% above the convulsive level. Evidence for the contributing 
role of liver glj^cogen stores, food intake and intestinal absorption to the 
insulin resistance phenomenon in the KL mouse will be presented in a 
future report. 

Acknowledgments 

The advice and encouragement of Drs. V. J. Wulff, H. F. Diermeier and T. S. Argyris 
are gratefully acknowledged. The author also wishes to thank Drs. H. B. Chase and 
P. P. Fenton, Brown University and Drs, Jay and Helen Tepperman, Upstate New 
York jMedical Center, for the reading of this manuscript. 


EEFEREKCES 

1. Chase, H. B., hi. S. Gunther, J. Miller and D. AVolffson: Science 107 : 297. 
1948. 

2. Chase, H. B.: Genetics 35; 101. 1950. 



408 


ARGYRIS 


Vohme 64 


3. Beyer, R. E.: Acta Endocrinol. 19: 309. 1955. 

4. MacGrath, W. B. and J. G. Snedecor: Diabetes 2: 443. 1953. 

5. Snedecor, J. G.: Anat. Rcc. 113: 589. 1952. 

6. Mirsky', I. A., G. Perisutti and P. J. Dixon: J. Biol. Chem. 214: 397. 1955. 

7. SoMOGY'i, M.: J. Biol. Cheni. 195: 19. 1952. 

8. Mirsky, I. A., G. Perisutti and R. Jinks: Endocrinology 56: 484. 1955. 

9. Ferrebee, j. W., B. B. Johnson, J. C. Mithoefer and J. W. Gardella: Endocri¬ 
nology 48: 277. 1951. 

10. Best, C. H., R. E. Haist and J. H. Ridout: J. Physiol. 97: 107. 1939. 

11. Marks, H. P. and F. G. Young: Nature, London 146: 31. 1940. 
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FRANK L. ENGEL and JOAN FREDERICKS 

Departments of Medicine and Physiology, Division of Endocrinology, Duke University 
Medical Center, Durham, North Carolina 

ABSTRACT 

Corticotropin has been found to share with growth hormone the capacity 
to diminish the accumulation of blood urea nitrogen consequent to the intra- 
r-enous infusion of an amino acid solution (protein h.ydroRsate) into acutely 
adrenalectomized nephrectomized rats maintained with hydrocortisone. Milli¬ 
gram for milligram ACTH is as active as growth hormone. The nitrogen retain¬ 
ing action of ACTH is abolished bj^ boiling in O.IN NaOH but not b)" more 
gentle treatment with NaOH. ACTH activity is destro 3 'ed by oxidation with 
hydrogen pero.xide but can be restored b3' incubation with C3’steine, in keeping 
with other adrenal and extra-adrenal activities of ACTH. Growth hormone 
activit 3 ’- is not definite^ destro 3 md b 3 ’' HjOj treatment. It is concluded that the 
above action of ACTH on nitrogen metabolism is another extra-adrenal action 
of ACTH which is shared with growth hormone but cannot be accounted for by 
contamination of the ACTH with growth hormone, or vice versa. 

R ussell and Capiello have reported that the administration to 
j nephrectomized rats of both partiallj^ and highly purified prepa¬ 
rations of growth liormone results in a significant decrease in the rate 
of urea formation following the intravenous infusion of protein hydroly¬ 
sates (1, 2). In view of the recent claims from this laboratory and elsewhere 
that highly purified corticotropin exerts a number of metabolic actions in 
adrenalectomized animals which simulate those of growth hormone 
(3, 4, 5, 6, 7, 8, 9) an investigation of the influence of corticotropin on 
nitrogen metabolism was initiated using a modification of Russell’s tech¬ 
nique. At our instigation Russell has already tested a sample of oxycel 
ACTH and has reported that it does indeed have a gro 3 vth hormone-like 
effect in the nephrectomized rat (10). The present study confirms and 
extends Russell’s observation by demonstrating the effects of both growth 
hormone and ACTH in adrenalectomized-nephrectomized rats, therebj’^ 
establishing the extra-adrenal nature of the response to the two hormones. 
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MATERIALS AND METHODS 

Twenty-four hour fasted male rats weighing from 200 to 250 grams were used. They 
were anesthetized with pentobarbital. Nephrectomy and adrenalectomy were carried out 
in one stage, following which the rats received 1 mg. of hydrocortisone hemisuccinate 
intraperitoneall 3 \ The rats were then placed in a chick incubator at 33° C to maintain 
body temperature and were kept there throughout the experiment except for blood sam¬ 
pling. Two hours postoperatively the test hormone was injected intraperitoneally, the 
controls receiving a corresponding volume of saline or 2 mg. of human serum albumin. 
Two hours later a tail blood sample was obtained, the animals were reanesthetized and 
1 ml. of an amino acid solution (Parenamine) containing 15 mg. N was injected into the 
saphenous vein for each 100 gm. body weight. Two hours after this a second blood sample 
was obtained. The blood was analyzed for urea N by the method of Archibald el al. (11). 

The characteristics of the hormones used and the methods of inactivation have been 
described in previous reports (5, 8). They included oxycel ACTH from the Wilson 
Company (lots 102201, 103322), ai-ai ACTH from the American Cyanamid Co. and 
growth hormone from the Endocrinologj'^ Studj" Section of the National Institutes of 
Health (BGH-1). 

RESULTS 


Two sets of experiments were done, one in the summer of 1957 and the 
other in the spring of 1958. It will be noted in Table 1 that although quali¬ 
tatively the results were comparable, quantitatively there was some 
variation between the response to the same hormone in 1957 and 1958. 
The table records the increase in urea nitrogen over the two hour period 
beginning with the amino acid infusion. In confirmation of Russell and 
Capiello growth hormone was found to lower significantly the urea accu¬ 
mulation rate compared to that of untreated controls. In the 1957 series the 
response was quite variable as indicated by the high standard error of the 
mean. The 1958 group was more consistent although the response to 1 
mg./lOO gm. was relatively small and was not increased when the dose 
was doubled. 

Three samples of ACTH were tested. In 1957, 1 mg. of oxycel ACTH 
and 0.5 mg. of q;i-q ;2 ACTH per 100 gm. body weight brought about depres¬ 
sions in urea formation which were of the same order of magnitude as has 
been found with growth hormone. These results were confirmed in the 
1958 series with a different lot of oxjmel ACTH. In this case the response 


was greater than to the corresponding dose of growth hormone. 

We have previously reported that the extra-adrenal metabolic effects 
of ACTH are lost in parallel with its adrenal stimulating activity wlien 
the hormone is boiled in O.IN NaOH or oxidized with H 2 O 2 (5, 6, 7, 8). In 
the latter case activity may be restored in part at least by treatment of 
the oxidized hormone with cysteine. Growth hormone activity is destroyc 
by mild treatment with alkali (O.lN NaOH for 24 hours at 26° C) (10) 
but ACTH resists this treatment (5). The results of comparable studies 
measuring urea accumulation are found in Table 1. Oxycel ACTH boi ec 
in O.IN alkali lost activity; when subjected to the more gentle alkali tiea 
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Table 1. Influence of ohowth hormone and ACTH on rise in blood urea N 

DURING 2 HOURS FOLLOWING INTRAVENOUS INFUSION OF 15 MG. OF AMINO ACID 
N/lOO GMS. BODY WEIGHT IN ADRENALBCTOMIZBD-NEI'HRECTOJIIZED RATS 


Experimental groups 

No. 

of 

rats 

Rise in urea N 
in 2 hrs. mg.% 
(Mean±S.E.) 

P 

vs. 

control 

Control—1957 

21 

20.42 + 1.05 

— 

G.H. 1 mg./lOO gm. 

6 

11.82+2.25 

<.01 

G.H.-H 2 O 2 treated 

7 

14.89±1.12 

<.01 

Oxycel ACTH 1 mg./lOO gm. 

13 

13.09 + 1.02 

<.01 

Oxvcel ACTH O.IN NaOH, 26“ C, 24' 

7 

15.80+0.88 

<.01 

Oxycel ACTH O.IN NaOH, 100“ C, 20" 

7 

18.02+2.25 

N.S. 

ACTH, 0.5 mg./lOO gm. 

6 

13.49 + 1.16 

<.01 

ai-o.. ACTH, 0.75 mg./lOO gm., H 2 O 2 treated 

6 

17.61+1.31 

N.S. 

ai-a 2 ACTH, 0.75 mg./lOO gm., H202-cysteinc 

6 

16.59+0.92 

N.S. 

Control—1958 

34 

20.19+0.55 

_ 

G.H. 1 mg./IOO gm. 

9 

17.14+0.54 

<.01 

G.H. 2 mg./IOO gm. 

7 

17.10+0.76 

< .01 

G.H. 2 mg./IOO gm., H 2 O 2 treated 

11 

18.64+0.99 

N.S. 

O.xycel ACTH—1 mg./iOO gm. 

15 

15.69+0.48 

<.01 

Oxycel ACTH—1 mg./lOO gm., O.IN NaOH, 100“, 20" 

6 

18.35 + 1.10 

N.S. 

Oxvcel ACTH—H 2 O 2 treated 

13 

19.58+0.85 

N.S. 

O.xTcel ACTH—H202-cysteine 

13 

17.65+0.72 

<.02 

Oxycel ACTH—2 mg./lOO gm. 

7 

15.03+0.68 

<.01 

O.xA’cel ACTH—H 2 O 2 treated 

9 

20.77+0.99 

N.S. 

Oxycel ACTH—H202-cysteine 

8 

14.28+0.85 

<.01 


ment it retained its effect. Hydrogen peroxide treated ACTH was invari¬ 
ably inactive. Reactivation of the ai-aa ACTH (0.75 mg./lOO gm.) was 
not accomplished in 1957. On the other hand in the 1958 series some reac¬ 
tivation of oxycel ACTH was achieved at the 1 mg./lOO gm. dose and 
unequivocal reactivation at the 2 mg./lOO gm. dose. In the former case 
the urea rise of 17.65 ±0.72 mg.% in the cysteine treated group was sig¬ 
nificantly less than the control (P<.02), but still not significantly less 
than the HoOj treated hormone (19.58 ±0.48 mg.%). We have previously 
found in other studies that cysteine reactivation may not be complete and 
hence that it is necessary to use maximal rather than minimal doses to 
demonstrate the phenomenon (5, 7, 8). In contrast to the results with 
ACTH, treatment of growth hormone with H 2 O 2 did not lead to clearcut 
inactivation. In the 1957 series the H202 treated growth hormone was 
clearl}^ active. In the 1958 series the results were indecisiAm since the urea 
rise from the H 2 O 2 treated hormone was not significantlj'^ different from 
either the untreated hormone or the control. However, it should be noted 
that in contrast to the ACTH effects, the response to groAvth hormone was 
small to begin with and hence it is difficult to compare effects of Amrious 
treatments of the hormone. 


niscussiON 

These results confirm the preliminary report of Russell of a nitrogen 
retaining effect of ACTH in nephrectomized rats AA^hich is comparable to 
that reported bj’- her for liighly purified growth hormone (2). In the pres- 
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ent report the extra-adrenal nature of the response is estalDlished by the 
use of hydrocortisone maintained acutely adrenalectomized rats. Milligram 
for milligram ACTH is at least as active if not more active than growth 
hormone, although as emphasized in previous papers, the doses of ACTH 
used are huge when expressed in units. The response of ACTH to various 
inactivation and reactivation procedures corresponds with what we have 
reported for other adrenal and extra-adrenal actions of ACTH (5, 6, 7, 8). 
In view of the dose relationships and the fact that groAvth hormone was 
not clearly inactivated by H 2 O 2 treatment whereas ACTH was, one can 
definitely rule out the possibility that the response to the ACTH samples 
used was due to contamination with growth hormone. It might be noted in 
passing, too, that we have found H 2 O 2 treated growth hormone to be fully 
active when tested by its ability to induce a positive nitrogen balance in 
tube-fed rats (13). Conversely, since gi’owth hormone is inactivated by 
mild alkali treatment (10, 12) wdiereas ACTH is not, the very unlikely 
possibility that the growth hormone effects were due to ACTH contamina¬ 
tion need not be seriously considered. The same reasoning also makes 
mutual contamination of both hormones by a common third factor rather 
unlikely. 

These results can be taken as additional evidence that ACTH shares 
certain activities with growth hormone at least when the former hormone 
is administered in very large doses. The physiological significance, if any, 
of the activity descrilDed in this report is as yet unclear. Attempts to in¬ 
duce positive nitrogen l^alance in tube-fed adrenalectomized rats by the 
administration of ACTH have so far been unsuccessful, although growth 
hormone, as expected, is quite active. Further investigation of possible 
growth promoting effects of ACTH in the absence of the adrenal gland is 
clearly indicated. 
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EFFECT OF FREQUENT HOUSING CHANGES AND 
OF MUSCULAR EXERCISE ON THE 
THYROID GLAND OF MICE' 

RITA CARRIERE2 and H. ISLER^ 

Department of Anatomy, McGill University, Montreal, Canada 

ABSTRACT 

The possibility that the psj'chological stimulation resulting from frequent 
changes of housing might have an effect on the thyroid was investigated in 
mice “transferred” dailj^ to different types of cages for a period of 8 weeks. 
Similarly, the effect of forced muscular exercise was investigated in mice made 
to walk daily to 4 hours in a rotating cage for a period of 8 weeks. All animals 
were fed controlled diets with low or adequate levels of dietary iodine. 

Control mice on the low iodine diet had enlarged thyroids showing histologi¬ 
cal signs of stimulation. “Transferred” or exercised mice fed the same diet failed 
to show thyroid stimulation. Thus, frequent housing changes and forced muscu¬ 
lar e.xercise prevented the thyroid stimulation resulting from iodine deficiency. 
This depressing effect on the thyroid does not appear to be due to unspecific 
stress, since adrenal weight was not altered. 

I T IS widely held that human h 3 '-perth 3 U’oidism may arise from acute or 
chronic psychological stimulation (1, 2). However, acute psychological 
stimulation was shown by Brown-Grant ci al. (3, 4) to produce an immedi¬ 
ate decrease in the rate of release of radioiodine from the thjuoids of im¬ 
mobilized rabbits. Such a decrease maj'' be the result of associated stress 
since it is known that stress depresses the activitj" of the thyroid gland 
(5). Therefore, an experiment was designed to investigate the effect of 
psychological stimulation on the thju-oid, using a stimulus mild enough 
to avoid stress. Another stimulus, nameR forced muscular exercise, lias 
also been reported to depress thju’oid activitj^ (5). However, this effect 
was slight as compared with that of other stressing agents which produced 
an intense depression of the thju-oid gland. It was possible that forced 
muscular exercise induced two antagonistic effects masking each other: a 
thyroid depression due to stress, and a stimulation of the gland attribut¬ 
able to an increased consumption of thju’oid hormone as suggested by the 
rapid disappearance of injected thju'oxine from the blood (6). To investi¬ 
gate whether or not such a stimulation takes place, mice were subjected 
to exercise mild enough to avoid stress. 
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METHODS AND RESULTS 

Psychological stiimilation 

A mild stimulus acting over a long period of time may have a definite effect on the 
thyroid gland, provided it can repeatedly elicit a condition of alertness in spite of frequent 
repetition over the experimental period. The procedure adopted consisted of providing 
mice with a new environment eacli day, by transferring them to different types of cages. 
Furthermore, in the experience of this laboratory, a change in iodine metabolism is more 
likelj' to result in a cliange of thyroid activitj' if the iodine intake of the experimental 
animals is critical. Accordingly, control and experimental animals were subdivided into 
two groups, given either a low or adequate amount of dietarj' iodine. 

C 3 H mice were transferred through 8 cages of various shapes. Since transfers took 
place once a day, the mice were returned to the same cage every 8 days. Control mice 
were kept in the same suspended cage throughout the experiment, but they were handled 
daily. All the animals were housed in groups of 6 . Temperature (80.0 ± 5°F) and lighting 
(12 hours daily) were automatically controlled. Twenty-four mice, 4-5 weeks old, were 
fed a low iodine diet consisting of 78.85% cornmeal, 10% yeast, 1% calcium carbonate 
and 0.15% sodium chloride, and containing 3 pg. iodine per 100 gm., while an equal 
number of animals received the same diet supplemented with sodium iodide to raise 
the iodine level to 10 pg. per 100 gm. These 2 groups were divided into subgroups of 12 
control and 12 test mice. 

After 8 weeks, the animals were sacrificed with ether. One thyroid lobe was dissected 
free and weighed on an analytical balance. The other lobe was fixed in Bouin’s fluid, 
sections were cut at 6 p, and stained with Masson’s trichrome. Thyroid cell height for 
each animal was measured in 80 cells taken at random. The percentage of follicles de¬ 
pleted of colloid was estimated by examining all follicles in one thyroid section from each 
animal. The adrenals were weighed after fi.xation. 

In the iodine deficient mice the controls had enlarged thjToids (2.8 mg. 
/lobe) while the transferred mice had the same thyroid weight (0.8 mg. 
/lobe) as the iodine supplemented mice (0.7 mg./lobe) (Table 1). The 
th 3 uoids of mice submitted to a daily change of cage (Table 1) had lower 
cells and fewer follicles depleted of colloid than those of corresponding 
control animals regardless of the dietarj^ iodine level. Adrenal weights 
were identical in transferred and control groups: 2.8 mg. under conditions 
of low iodine intake and 2.7 mg. with an adequate iodine intake. No 
changes in bod}'^ weight were observed in the mice receiving the low iodine 
diet, while the transferred mice receiving adequate dietary iodine weighed 
less than their controls (Table 1). 

Muscular exercise 

To investigate the influence of muscular e.xercise on thyroid morphology, the mice 
were placed in a motor driven rotating cage, 85-4 hours per day. during 8 weeks. The 
cage had a circumference of 65 cm. and turned at 4t revolutions per minute, thus en¬ 
forcing a walking pace. Controls were handled dailj'. Other conditions were identical 
with those of the experiment described above. 

In the animals fed on the low iodine diet, the exercised mice had a lower 
thjToid weight, a decreased cell height, and fewer follicles depleted of 
colloid (Table 2) than the non-exercised controls. In the animals receiving 
the diet supplemented with iodine, exercise had no significant effect on the 


Table 1. The effect of daily transfer of cage on the mouse thyroid 
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0.8+0.7 0.4 + 0.3 0.2-0.1 O.S-0.7 

Exercised 10 24.9+0.29 1.3+0.2 10.4+0.2 4.9+ 1.1 
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thyi'oid gland (Table 2). Adrenal weights were not altered exercise: 
2.7 mg. in both groups of mice receiving the low iodine diet, and 2.3 mg. 
in both groups receiving the diet supplemented with iodine. No significant 
changes in body weight were observed. 

DISCUSSION 

The effect of psychological stimulation and of muscular exercise on the 
thjuoid gland reported in the literature (3, 5) may possibly be due to 
stress associated with the experimental procedure. The present experi¬ 
ments were an attempt to investigate these stimuli, using procedures 
avoiding stress. 

In fact, the stimuli selected, namely daily changes of housing and mild 
daily exercise, did not produce the increase in adrenal weight and the 
decrease in bod}’- weight usually associated with prolonged stress, except 
in one case (Table 1); but in this particular case the thyroid weight and 
the proportion of follicles depleted of colloid were not changed (Table 1). 
Thus, it is likel}'^ that the lower level of thjToid activity observed in this 
work is not due to stress. 

The possibility that the lower thyroid activity in the stimulated mice 
be due to a higher iodine intake resulting from increase in food consump¬ 
tion appears very unlikely. While the exercised mice may have ingested 
more food, the schedule required to refill the food jars suggests that the 
transferred mice ate not more, and perhaps even less than controls. In 
addition, an increased food consumption would result in increased metab¬ 
olism and presumabl}’- a higher thyroid hormone consumption. A stimu¬ 
lation of the thyroid would follow, which would counteract the inhibition 
due to the higher iodine intake. 

Thus, it is probable that the thyroid inhibition was produced by the 
stimuli according to a specific mechanism, perhaps mediated through the 
hypothalamus (7) and resulting in an inhibition of thyrotrophic hormone 
secretion. 

The finding that psychological stimulation may inhibit the thyroid gland 
not only for a short time (3), but also over long periods of time (Table 1), 
fails to substantiate the h 5 ’pothesis that simple chronic psychological 
overstimulation is a cause of thjToid hyperfunction, and suggests rather 
that it may lead to a hypofunction of the gland. 

The observation that muscular exercise in the absence of stress also 
5 '^ields evidence of thyroid inhibition does not support the hypothesis that 
this stimulus had an activating effect on the thyroid gland (5), as might 
have been expected from the low level of circulating thjToid hormone in 
the exercised rat (6). On the contrar}’-, muscular exercise prevented the 
thyroid stimulation in response to iodine deficiencj^ (Table 2), as in the 
case of chronic psychological stimulation. In fact, during their daily exer- 
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cise, the mice were in a condition of alertness which may not differ much 
from that of mice transferred to new cages. 
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ABSTRACT 

Recent studies by Huggins and Pollice (/. Exp. Med., Jan. 1968) showed 
that a mammary fibroadenoma of rats, refractory to steroid therapy alone, 
responded in a remarkable fashion to combined administration of 3-methjd- 
cholanthrene and androstan-17^-ol-3-one. These results suggested that admin¬ 
istration of carcinogenic hydrocarbons may alter sensitivity of certain cells to 
steroid hormones. 

Oral administration of 3-methylcholanthrene, 2-antliramine, benz-a-pyrene, 
and 7-methylbenzanthracene, all carcinogenic agents, markedly potentiated 
both the androgenic and myotrophic effects of 17-methj'Hestosterone. Non- 
carcinogcnic hydrocarbons investigated were nearly inactive in this regard. Oral 
and direct administration of 3-methylcholanthrene potentiated both the glyco¬ 
genic and antiphlogistic properties of hydrocortisone. Inactive hydrocarbons, 
anthracene and phenanthrene, failed to induce this type of phenomenon. 

Both in vivo and in vitro studies indicate that the ability of carcinogenic 
hydrocarbons to potentiate biological effects of steroids is due to a direct effect 
of carcinogenic agent at the cellular level and not to a decreased rate of steroid 
metabolism by the liver. 

P REVIOUS studies by other investigators (1, 2) have suggested that 
local implantation of certain carcinogenic hydrocarbons antagonizes 
or inhibits the biological response of specific target organs to androgens, 
estrogens, and progestational agents. Huggins and Pollice (3) recently 
reported that an experimental mammary fibroadenoma, refractory to 
steroid therapy alone, showed a marked retardation of growth when 
androstane-17j3-ol-3-one and 3-methylcholantbrene were administered to¬ 
gether. When administered alone, neither compound induced a marked 
degree of inhibition. These results led to an hypothesis that carcinogenic 
agents ma}'- alter the response of certain cells to steroid hormones and that 
systemic administration of carcinogenic hydrocarbons may produce dif¬ 
ferent effects from those observed following local implantation. The 
experiments described here were designed to determine the influence of 
carcinogenic hydrocarbons on biological effects produced by androgens 
and andrenocortical steroids. 


METHODS 

The glycogenic effect of hydrocortisone was determined by analysis of liver glj-cogen 
depositio n in fasted, adrenalectomized rats (4). The seminal vesicle weight of the castrate 
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rat was used as an index of androgenic activity of steroids and the levator ani muscle 
weight as an index of myotrophic activity (5, 6, 7). The ability of hydrocortisone to 
inhibit inflammation was determined by use of the croton oil-induced granuloma pouch 
(8). Quantitative methods for determination of steroid metabolism rates by isolated 
microsome-supernatant fractions of rat liver have been previously described (9). Protein 
determinations on isolated microsome-supernatant fractions of rat liver were performed 
according to previously described methods (10). Steroids and carcinogenic agents were 
administered subcutaneously in 0.2 ml. of carboxymethylcellulose (CMC) or orally as 
finely dispersed suspensions in 0.5 ml. of cottonseed oil. Direct injection of 3-methyl- 
cholanthrene into the granuloma pouch was made by first solubilizing the desired 
amount of material in 0.2 cc. of 50% ethanol:cottonseed oil. This material was injected 
into the pouch only if it was found to be in solution. Intact animals received tap water 
and Purina laboratory chow ad libitum. Adrenalectomized rats received 0.9% NaCl in 
addition to the stock diet. 


RESULTS 

1. Potentiation hy S-Methylcholanthrene of Glycogenic and Antiphlogistic 
Activities of Hydrocortisone 

When hjrdrocortisone was administered subcutaneously in increasing 
amounts, and 3-methylcholanthrene orallj'-, it was evident that the carcino¬ 
genic agent caused a significant increase in the glj'-cogenic activity of this 
hormone (Fig. 1). A greater response was elicited in the presence of car- 



MILLIGRAMS HYDROCORTISONE ■ SO 


Fig. 1. Effect of oral administration of 3-methylcholanthrene on liver glycogen 
deposition activity of hydrocortisone. Conditions: One week post-adrenalectomize 
male rats. 3-Methylcholanthrene (2 mg.) administered orally for 5 days. On daj 
hydrocortisone administered subcutaneously at beginning of 24 hour fast; adminis e 
again on day 5 with 3-methylcholanthrene. Livers removed 7 hours later. Each pom i 
the mean of 5 rats and the bars indicate variation from the mean. 
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cinogenic h 3 'drocarbon at doses of h 3 ’-drocortisone (O.S-1.2 mg.) where the 
liver gl 3 "cogen response begins to plateau. That is, in the presence of 3- 
meth 3 dchoIanthrene, the effect of h 3 ^drocortisone is greater than can be 
produced b 3 " the administration of additional hormone. Anthracene and 
phenanthrene, h 3 '’drocarbons inactive as carcinogenic agents, adminis¬ 
tered under similar circumstances, failed to produce potentiation of the 
gl 3 ’-cogenic effects of h 3 "drocortisone (Table 1). 

Potentiation of gl 3 'cogenic effects of h 3 ’^drocortisone could result either 
from a direct action of carcinogenic agent on cells or tissues where steroids 
exert their metabolic effects, or it ma 3 ’- result from a decreased abilit 3 ^ of 
the liver to metabolize steroids. It has been demonstrated previousl 3 ^ (9) 
that gl3'^cogenic activit3'- of certain S3mthetic steroids is inversel3^ related 


Table 1. Effect of oral administration of phenanthrene and anthracene 

ON GLYCOGENIC ACTIVITY OF HYDROCORTISONE 


Compound 

Amount 

Route 

No. 

animals 

Grams % 
liver glycogen 

A. Hvdrocortisone 

1.2 mg. 

SC 

5 

2.60 

B. Phenanthrene 

4.0 mg. 

Oral 

5 

0.13 

C. Anthracene 

4.0 mg. 

Oral 

6 

O.IG 

D. Untreated 

— 

— 

10 

0.22 

E. A-i-C 

— 

— 

5 

2.44 

F. A-hB 

— 

— 

5 

2.53 


Conditions: One-week post-adrenalectomized rats. Phenanthrene and anthracene (4.0 
mg.) administered orally for 5 days. On day 4 hj’drocortisone administered SC at beginning 
of 24-hour fast; administered again 24 hours later, along with anthracene and phenanthrene. 
Livers removed for analysis of liver glycogen 7 hours later. 

to their rates of metabolism b 3 '^ the liver. Therefore, if oral administration 
of 3-meth3dcholanthrene prevented inactivation of h 3 ^drocortisone, it 
might be reflected b 3 f an apparent increase in biological activit 3 i of the 
latter. 

When var 3 dng amounts of 3-meth3dcholanthrene were added to isolated 
microsome-supernatant fractions of rat liver, it was found to be inactive 
with regard to its abilit 3 ’’ to influence the rate of h 3 idrocortisone metabolism 
(Fig. 2). Under similar circumstances, direct addition of testosterone de¬ 
creased the abilit 3 '^ of hver enz 3 "me s 3 "stems to metabolize h3’’drocortisone. 
These latter observations will be the subject of a later report on in vivo 
and in vitro steroid hormone interi'elationships (11). 

Oral administration of 2 mg. of 3-meth3dcholanthrene daity for seven 
da 3 '^s, followed b 3 i removal of livers and anal 3 ^sis of h3idrocortisone me¬ 
tabolism rates, indicated that 3-meth3dcholanthrene-treated livers ac- 
tuall 3 '^ metabolized h3’^drocortisone at faster rates than livers from pair- 
fed control animals (Fig. 3). 

Attention was directed to a consideration of the abilit 3 ’- of 3-methylcho- 
lanthrene to potentiate the antiphlogistic properties of h 3 idrocortisone 
using croton oil inflammation as an end-point (8). Both the carcinogen 
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Fig. 2. Effect of testosterone and S-mctlijdchoknthrene on rate of reduction of 
h}'’drocortisone at C-20 ketone position b}’ rat liver microsomc-supernatant frac¬ 
tions. Conditions: Described in previous reports (9). Steroids and 3-methjdcliolanthrene 
dissolved in N'N'-dimetli 3 'lacetamide. 

and hydrocortisone were injected directlj^ into the granuloma pouch. 
Results of these experiments (Figs. 4 and 5) show that direct administra¬ 
tion of 3-methyleholanthrene into the granuloma pouch significantly en¬ 
hances the anti-inflammatory response to hydrocortisone in both intact 
and adrenalectomized rats. 



90 0 )5 

TIWE JHJWUTES AT 375*C 


Fig. 3. Comparison S-metlu’lcholan- 
threne treated liver versus untreated liver 
on metabolism of hj'drocortisone bj’ iso¬ 
lated liver 6023^6 sj^stems. Each point 
is the mean of duplicate determinations on 
duplicate samples from livers of 3 rats. 
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3-METHYLCHOLANTHRENE PLUS 
HYDROCORTISONE 

FPn 3-METHYLCHOLANTHRENE ALONE 



NO 0 3 mg 

TREATMENT HYDROCORTISONE 


3-METHYLCHOLANTHRENE 

PLUS 

0 3 mg HYDROCORTISONE 


Pig. 4. Local potentiation of hydrocortisone bj" 3-methylcholanthrene on the 
granuloma pouch of Adrcnalectomized rats. Conditions: 25 ml. air and 0.5 ml. 1% 
croton oil into pouch on day 1. Hydrocortisone and 3-methylcholanthrene administra¬ 
tion started on day 2. Animals autopsied on day 7. Each bar is the mean of 5 rats. 



CONTROLS 100 pg 500 gg 


NO 03 mg 3-METHYLCHOLANTHRENE 

TREATMENT HYDROCORTISONE PLUS 

0 3 mg HYDROCORTISONE 

Fig. 5. Local potentiation of hydrocortisone b}"^ 3-methylGhotanthrene on the granu¬ 
loma pouch of intact rats. Conditions: 25 ml. air and 0.5 ml. 1 % croton oil into pouch on 
daj' 1. Hydrocortisone and S-methylcholanthrene administration started on daj’’ 2. 
Animals autopsied on day 7. Each bar is the mean of 5 rats. 
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2. Effects of Various Carcinogenic Hydrocarbons on Androgenic and Myo- 
irophic Activities of 17-Methyltestosterone 

When S-methylcholanthrene and 17-methyltestosterone were adminis¬ 
tered orally to castrate rats, the carcinogen caused a marked potentiation 
of androgenic effects of the latter (Fig. 6). Relatively small amounts of 
3-methylcholanthrene (0.5 mg./day) produced a maximum response. 

Oral administration of 2 mg. of 3-methylcholanthrene, in the presence 
of varying amounts of IT-methjdtestosterone, resulted in significant en¬ 
hancement of androgenic activity of the latter at all dose levels (Fig. 6A). 
Animals emplo 3 md in these latter studies were 27 days older than animals 
used for previous studies and were less sensitive to the action of orally 
administered 17-meth3dtestosterone. 

As a result of the above investigations, it became of interest to deter¬ 
mine if oral 3-meth3dcholanthrene Avould induce an irreversible change in 
cells causing them to become more sensitive to the androgenic effects of 
17-methyltestosterone. 3-Meth3dcholanthrene (2 mg.) was administered 
orally for 10 da 3 ^s to 55-da3’^ old castrate male rats; animals were subse- 
quentl 3 '’ allowed to remain untreated for an additional 10 da 3 ^s; 5 mg. of 
17-methyltestosterone were thereupon administered for an additional 10 
days. Examination of Figure 6B reveals that potentiation of androgenic 
effects of 17-meth3dtestosterone did not persist following the 10-day with¬ 
drawal period. Thus, the influence of 3-methylcholanthrene on augmenta¬ 
tion of biological response to 17-meth3dtestosterone is not irreversible, but 
exists only during administration of the carcinogen. 
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3-METHYLCHOLANTHRENE PLUS 17-METHYLTESTOSTERONE 


EACH POINT IS THE MEAN OF FIVE RATS. 


17-METHYLTESTOSTERONE ALONE 


3-METHYLCHOLANTHRENE ALONE 
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Fig. 6. Effect of orallj'^ administered 3-methyicholanthrene on response of semina 
vesicle to 17-methjdtestosterone. Conditions: Male rats (26-28 days old) castratec on 
daj'^ 1. 3-Methjdcholanthrene administered orall}'' in varying amounts for 8 days. ' 
Methjdtestosterone administered orally for 8 daj^s. Animals autopsied on the 9th a). 
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Fig. 6 A. Effect of 3-methylcholanlhrene 
administration on seminal vesicle re¬ 
sponse to I7-raethyltestosterone. Condi¬ 
tions: 55-Da3'-old male rats castrated on 
day 1. Compounds administered orally 
starting on daj" 2 and continued for 10 
days. Autopsy on day 11. Each point is 
the mean of 5 rats. Bars represent variation 
from the mean. 



Fig. 6 B. Effect of prior administration 
of 3-methylcholanthrene (3-MC) on re¬ 
sponse of seminal vesicle to 17-methyl- 
testosterone. Conditions: 55-Daj'-oId male 
rats castrated on day 1. 3-Methylcho- 
lanthrene administered on day 2 and con¬ 
tinued for 10 days. 17-Methyltestostcrone 
administered 10 days following cessation 
of 3-methylcholanthrene administration 
and continued for 10 days. Autopsy 30 
days following initial injection with 3- 
methj'lcholanthrene. Bars indicate the 
mean variation: 5 rats per group. 


Administration of 3-methyIcholanthrene (2 mg./day for 20 days) to in¬ 
tact male rats (20) did not augment the action of endogenously secreted 
androgenic hormones on the seminal vesicle. Relative growth rates of 
seminal vesicles for both control-treated and 3-meth3dcholanthrene- 
treated animals were identical. 

It became of interest to determine if 3-methyleholanthrene administra¬ 
tion would result in augmentation of 17-methyltestosterone at dose levels 
of the latter where it no longer exerts an increased biological effect. Vary¬ 
ing amounts of 17-methyltestosterone were administered orally with 3- 
methylcholanthrene (2 mg.). Examination of Table 2 reveals that, al¬ 
though 3-meth3dcholanthrene administration induces the expected aug¬ 
mentation of biological response to 17-meth3’ltestosterone, it fails to do so 
at dose levels of the latter which alone produce a maximal biological effect. 

When 3-methylcholanthrene and testosterone propionate were both 
administered subcutaneously, it was discovered that the hydrocarbon sig¬ 
nificantly potentiated the “androgenic” effects of this steroid (Fig. 7). 
Ho3yever, the amount of augmentation produced by this route of adminis¬ 
tration was considerably less than following oral administration. These 
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Table 2. Effect of 3-methylcholanthrbne administration on response of 

LEVATOR ANI MUSCLES AND SEMINAL VESICLES OF CASTRATE MALE RATS 
TO 17-METIIYLTESTOSTERONE 



Treatment 

No. 

rata 

Dose/Day 

(orally) 

Seminal 

vesicle 

weight 

(mg.) 

Levator 

ani 

weight 

(mg-) 

A 

None 

5 

— 

7 

30 

B 

3-Methjdcholanthrene 

5 

20 mg./kg. 

10 

28 

C 

17-Mothj'ltestosteronc 

5 

10 mg./kg. 

30 

42 

13 

17-Methyltestosterone 

5 

20 mg./kg. 

59 

60 

E 

17-Methyltestosterone 

5 

40 mg./kg. 

78 

61 

F 

17-Methyltestostcrone 

5 

80 mg./kg. 

131 

77 


B+C 

5 


58 

59 


B + D 

5 


83 

57 


B+E 

5 


116 

72 


B+F 

5 


130 

78 


results be due to inadequate absorption of 3-methjdcholanthrene, 
since nodules containing injected material were found at autops 3 ^ The 
effects of testosterone propionate on the levator ani were not significant!}^ 
augmented by simultaneous administration of 3-methylcliolanthrene. 

Oral administration of 2-anthramine, benz-a-pjuene and 7-methyl- 



Fig. 7. Effect of 3-niethylcholanthrene on the seminal vesicle and levator am re¬ 
sponse to subcutaneously administered testosterone propionate. Conditions: Oas r. 
rats 26-28 da 3 ’^s old. Injections started on daj’’ 1 and continued for 20 days. Testosterone 
propionate 25 jag. per day per rat. Animals autopsied on day 21. Each point is the mean 
of 6 rats. 
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benzanthracene, all carcinogenic agents, potentiated the androgenic and 
niyotrophic effects of 17-metliyltestosterone, while noncarcinogenic agents, 
anthracene, phenanthrene, anthrone and anthroquinone, failed to potenti¬ 
ate significantly the biological effects of testosterone propionate or of 17- 
methyltestosterone (Table 3). Deoxycliolic, methyldeoxycholic, and de- 
hydrocholic acids were used as additional controls for the above studies 
and were also found to be devoid of significant activity (Table 3). 


Table 3. Effect of bile acids, carcinogenic hydrocarbons, and other agents on Tiin 

RESPONSE OF THE SEJIINAL VESICLE AND LEVATOR AN! TO TESTOSTERONE DERIVATIVES 


Compound 

Dose 

Route 

Seminal 
vesicle 
(wt., mg.) 

Levator 

ani 

(wt., mg.) 

1. Metlivltestosterone 

2.0 mg./dav 

Oral 

30.0 

57.0 

2. 2-Anthramiiie 

0.5 mg./day 

Ora! 

C.O 

30.0 

No.-!. 1 & 2 



77.0 

75.0 

3, Benz-a-pvrene 

0.5 mg./day 

Oral 

7.0 

27.0 

Nos. 1 & 3 



CG.O 

78.0 

4. 7-Methylbenzanthracene 

1.0 mg./day 

Oral 

7.0 

32.0 

Nos. 1 & 4 



79.0 

72.0 

5. Anthrone 

2.0 mg./da.v 

Oral 

6.0 

30.0 

Nos. 1 & 5 



39.0 

61.0 

6. Anthraquinone 

5.0 mg./da.v 

Oral 

G.O 

30.0 

Nos. 1 & 0 



38.0 

49.0 

1. Testosterone propionate 

25 Mg./dav 

SC 

61.0 

74.0 

2. Anthracene 

100 Mg./day 

SC 

7.0 

50.0 

Nos. 1 & 2 



60.0 

75.0 

3. Phenanthrene 

100 Mg./dav 

SC 

6.0 

56.0 

Nos. 1 & 3 



54.0 

72.0 

Cottonseed oil 

0.2 ml./day 

Oral 

7.0 

31.0 

1. Methyltestosterone 

2.0 mg./da.v 

Oral 

27.0 

49.0 

2. Deoxycholic acid 

5.0 mg./day 

Oral 

7.0 

33.0 

Nos. 1 & 2 



38.0 

52.0 

3, Deoxycholic acid 

5.0 mg./dav 

Oral 

5.0 

29.0 

(methyl ester) 





Nos. I & 3 



33.0 

44.0 

4. Dehydrocholic acid 

5.0 mg./d.ay 

Oral 

5.0 

30.0 

Nos. 1 & 4 



33.0 

49.0 


Conditions; Six animals per group. Castrate male rats, 26-28 days old. Compounds ad¬ 
ministered orally for 9 days or subcutaneously for 20 days. On days 10 and 21 animals 
sacrificed and levator ani muscle and seminal vesicles weighed on precision balance. 


DISCUSSION 

Studies have been presented to show that oral administration of the 
carcinogenic h 3 rdrocarbons, 3-meth3dchoIanthrene, 2-anthramine, benz- 
a-pyrene, and 7-meth3dbenzanthracene, results in marked potentiation of 
the androgenic or myotrophic effects of 17-methyltestostevoae. 3-MethyI- 
cholanthrene also potentiates the biological action of h 3 ''drocortisone on 
two separate end points—liver gtycogen and granuloma pouch. Observa¬ 
tions that four unrelated organs, the levator ani muscle, seminal vesicle, 
liver and granuloma pouch, respond in similar fashion to administered 
carcinogenic agents indicate a t 3 rpe of cellular activity which ma 3 '^ be un- 
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related to the type of organ response ordinarily associated with specific 
activities. That is, carcinogenic hydrocarbons may elicit fundamental cel¬ 
lular changes in all organs and tissues. It appears logical to suppose that 
carcinogenic hydrocarbons are involved in a generalized cellular altera¬ 
tion, permitting cells to become more sensitive to naturall 5 ''-occurring 
agents. Such ideas are merely speculative, but it may be postulated that 
tumorigenic hydrocarbons are not cancer-inducing per se, but merely alter 
cells in a manner which depresses normal control mechanisms, thus allow¬ 
ing cells to lose their regulatory capacity toward specific agents. 

The increased sensitivity of cells to naturalty-occurring agents, following 
oral administration of carcinogenic compounds, maj'’ be reflected by sys¬ 
tems other than those responsive to steroid hormones. The above experi¬ 
ments suggest a technological mode of attack on the problem of determin¬ 
ing the influence of various etiological factors concerned with the tumor- 
process. Krrowledge of a useful fundamental character should result from 
studies designed to determirre the types and incidence of tumors following 
oral administration of carcinogenic hydrocarbons and various agents such 
as viruses and hormorres. 

The results reported here are difficult to reconcile with those described 
by Jackson and Rolrson (1) who applied 3-methylcholanthrene directly to 
target oi’gans and reported that this agent inhibited the response of specific 
end organs to both estrogens and androgens. The only control implanta¬ 
tion was that which employed cholesterol; not, as in our study, inactive, 
but related, hydrocarbons. It is important in situations of this type to de¬ 
fine the specificity of the material being investigated. Direct addition of 
any substance to a tissue may produce results not seen when the substance 
reaches the tissue by normal channels—especially if the substance is as 
insoluble as are carcinogenic hydrocarbons. Inhibition of a response under 
such conditions may be the result of nonspecific physical factors and not a 
reflection of specific biological effects. On the other hand, our own results 
with carcinogenic agents could be attributed to a bioconversion of carcino¬ 
genic hj^drocarbons in the liver or other tissues to agents which themselves 
are responsible for the potentiation of hydrocortisone and 17 -methyltes- 
tosterone. 

On the basis of the existing data, it ma}'- be postulated that oral adminis¬ 
tration of carcinogenic hydrocarbons “sensitizes” cells to the action of a 
number of steroids at different levels of tissue organization. It may also be 
postulated that oral administration of carcinogenic agents may “sensitize 
cells to a wide variety of agents. For example, Castellano and D’Amour 
(12) found that administration of stilbestrol increased the incidence of 
uterine tumors folloAving implantation of 3 -methylcholanthrene. Undei 
certain conditions, the estrogens themselves are carcinogenic (13)- 
3-methylcholanthrene potentiates the biological action of estrogens, these 
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latter results are readilj’' interpreted on the basis of observations presented 
in this communication. 

That carcinogenic hydrocarbons may “sensitize” cells to the action of 
other agents is readily apparent from work reported by Berenblum (14). 
This investigator showed that croton oil applied alone to the skin of mice 
induces hyperplasia, but normally no tumors develop during the animals’ 
lifetime. If dimethylbenzanthracene is applied alone, hyperplasia develops 
and, after a prolonged period, some tumors develop. If both croton oil and 
dimethylbenzanthracene are applied together, tumors appear more rap¬ 
idly and with greater frequency than when dimethylbenzanthracene alone 
is applied. Even more striking is the fact that if just one application of 
dimethylbenzanthracene is made, tumors appear after a protracted period. 
But if, after the application of dimethjdbenzanthracene, croton oil is 
applied, tumors develop more rapidl}^ and there is a strong tendency for 
tumors to appear at a standard time follouung croton oil application rather 
than following application of dimethylbenzanthracene. It appears evident 
that dimethylbenzanthracene causes some irreversible change in cells 
which remains latent until the application of croton oil. It is interesting in 
this regard that croton oil-induced inflammation, used in our experiments, 
and which is inhibited by hydrocortisone, is inhibited even more signifi¬ 
cantly in the presence of 3-methjdcholanthrene. These appear to l^e actions 
of opposite extreme attributable to a “conditioning” response brought about 
by a carcinogenic hydrocarbon. It may well be that carcinogenic agents will 
produce effects which are either inhibitory or stimulatorj’’ depending upon 
additional circumstances imposed during their administration. As a mat¬ 
ter of interest, as well as some practical importance, it may be visualized 
that the action of carcinogenic hydrocarbons is involved with a type of 
cellular alteration which exists for prolonged periods following their ad¬ 
ministration. This type of alteration may never become apparent until the 
necessary stimulus for cellular proliferation, virus, hormone or foreign 
agent, is permitted contact with the altered cell. This type of phenomenon 
may explain the appearance of tumors months or even years after initial 
contact with carcinogenic agents. 

As a matter of theoretical and practical importance it becomes necessary 
to determine if chemical or physiological means exist which, when applied, 
will prevent some of the cellular “conditioning” responses to carcinogenic 
agents such as those illustrated herein. Such information, if it exists experi¬ 
mentally, should be carried over to prophylactic treatment of experimental 
animals known to have a high incidence of spontaneous tumors. Such 
efforts will determine if the incidence of tumors can be decreased or com¬ 
pletely abolished. Another avenue of approach is one which attempts to 
more clearly define some of the etiological factors in tumor formation. 
Combined administration of carcinogenic compounds and naturally-occur- 
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ring agents such as viruses and hormones should result in development of 
tumors at a faster than normal rate as well as the appearance of newer 
types of tumors. 
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A METHOD FOR THE EVALUATION OF ADRENO- 
CORTOCOTROPIC HORMONE SUPPRESSING 
ACTION OF CORTICOIDS' 

FERNAND G. PERON and RALPH I. DORFMAN 

Worcester Fomidaiion for Experimental Biology, Shrcivsbnnj, Massachusells 

ABSTRACT 

A simple, reproducible method employing the rat is described which is suit¬ 
able for the evaluation of compounds as to their adrenocorticotropic hormone 
suppressing action. The endpoint is the adrenal corticosterone content which 
reflects the concentration of circulating ACTH. With excessive doses of corti¬ 
sone acetate a 93% decrease in adrenal corticosterone was found. The relative 
potency of a compound could be determined with a standard error of ± IS% 
by using 20 rats for the standard and 20 rats for tine unknown. 

I T IS well known that the administration of various corticosteroids 
causes a decreased elaboration of adrenocorticotropin (ACTH) from the 
pituitary of various animals. This, in turn, leads to a decreased biosynthe¬ 
sis and release of adrenocorticoids as is reflected also in the h 3 'potrophic 
and subfunctional state of the adrenal gland. Holzbauer (1) recentlj’’ pre¬ 
sented good evidence showing that the corticosterone stores of the rat 
adrenal gland reflect the secretion rate of corticosteroid. This in tui’n 
reflects the level of circulating ACTH since high or low corticosterone 
values are obtained when conditions leading to large or small amounts of 
circulating ACTH respectivelj" are brought about. Thus, .anj’^ condition 
which would interfere with the elaboration of ACTH would also be ex¬ 
pected to be reflected in the amount of corticosterone in the rat adrenal 
gland. Silber and Busch (2) have found that the adrenals of rats 2 weeks 
after hj'^pophj^sectomj'^ contained 0.04 pg, corticosterone per adrenal as 
compared to values of 0.30-0.50 pg. for normal adrenals. The same values 
as in the adrenals of hypophysectomized animals were found after treat¬ 
ment with cortisone acetate at a level of 6 mg./day subcutaneouslj’^ for 
3 weeks (2). Whereas Sweat (3) used ethanolic solutions of steroids for 
producing fluorescence in sulfuric acid and Peterson (4) later modified this 
method, the method used in the present paper (2) consists of extracting 
the tissue steroid directly into methjdene dichloride or chloroform. The 
extracted steroid is then allowed to react with sulfuric acid by adding the 
latter directly to the methylene dichloride. This communication demon- 
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strates that this simple fluorometric method for the direct determination 
of adrenal corticosterone can be used as the basis of a satisfactory bio¬ 
assay for the evaluation of the ACTH suppressing action of corticoids. 

MATERIALS AND METHODS 

Ayiimals and protocols 

The steroids suspended in Special Formula No. 17874^ were injected subcutaneously 
into male albino rats weighing lQO-175 gm. The daily dose was contained in 0.25 ml. 
and control rats received only the vehicle. On the day following the last injection each 
rat was treated with nembutal, taking every precaution to handle the animals as gently 
as possible (1) and the adrenals removed, cleaned of adherent fat, and weighed. 

Fhioromctric method 

The method of extracting the steroid from the tissue and development of the fluores¬ 
cence in the extracts of tissue is given elsewhere (2). This method has formed the basis 
also for the measurement of corticosterone in rat plasma by Guillemin et al. (5). The 
corticosterone content of the rat adrenals was determined by measuring the fluorescence 
emitted with the Aminco-Bowman Spectrophotofluorometer. The activation mono¬ 
chromator was set at X max 470 m/i and the fluorescence monochromator at X max 525 
mp. These are the uncon-ected fluorometric maxima. Samples were read on the photo¬ 
multiplier microphotometer with the sensitivity knob set at the maximum position and 
the meter multiplier at the 1.0 position. The slit arrangement was No. 5. The fluorescence 
was proportional to the amount of corticosterone used (0.02-0.08 pg.) for the standard 
curve and the photomultiplier reading was in the neighborhood of 35 for the 0.08 pg. 
concentration with the settings as stated. A standard curve was run with each experi¬ 
ment. Figure 1 shows the data of recovery experiments plotted graphically wherein 
several concentrations of corticosterone were added to a fixed weight of adrenal tissue 
(10 mg.). The reliability of the method was tested further by running converse experi¬ 
ments wherein the amount of adrenal tissue was varied but the amount of corticosterone 
added to it kept constant. Figure 2 shows that additions of 0.04 pg. corticosterone (Ex¬ 
periments 1 and 2) and 0.08 pg. (Experiments 3 and 4) to varying amounts of adrenal 
tissue (1.25 ml. of tissue aliquot = 10 mg. of adrenal tissue) does not interfere with the e.x- 
traction of corticosterone or its recovery from the tissue. Siirce the experimental curves 
are linear and their slopes proportional to the amount of tissue used, after subtracting 
the value found for the added corticosterone, this indicates that the quenching phenom¬ 
ena often observed in fluorometric determinations are absent. Table 1 gives data showing 
the specificitj^ of the method by indicating the very low apparent concentrations of cor¬ 
ticosterone-like compound found in extra adrenal tissue. 

RESULTS AND DISCUSSION 

Table 2 shows the concentration of corticosterone® found in the adrenals 
of control rats and those treated for a 21-day period with 9a-fluorocorti- 

^ Special Formula No. 17874 is a product obtained from the Upjohn Co., Kalamazoo, 
Michigan. It is a mi.xture of carbo.xymetlp'-cellulose, polysorbate 80, sodium chloride an 
benzyl alcohol in water for injection. 

® It is assumed that the steroid giving rise to fluorescence is corticosterone since veri 
small amounts of other steroids are found in the rat adrenal (1). This also excludes al o- 
sterone which is not detected by procedure (6) although this steroid is released in a ratio 
of about 10/1 of corticosterone to aldosterone in the incubation medium of rat adrena s 
incubated in Krebs-Ringer bicarbonate-glucose buffer (7). 
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Fig. 1. Recovery E.vperiment. X-X Standard curve for corticosterone 0.02-0.08 

fig. Other curves represent those obtained when various amounts of corticosterone {0.02- 
0.12 pg.) are added to 10 mg. of rat adrenal tissue. The difference between the blank value 
of the standard curve and the values for the e.vperiments on the ordinate are equal to 
the readings given by the tissue alone. Markings on the Experiment 1-4 curves (A., •, B, 
O) show the additions of corticosterone at the concentration denoted on the abscissa. 
Parallelism of all curves with that of the standard curve denotes good recover}'. 



025 050 075 1.00 I.2S 1.50 

tpI.of tissue aliquot 


Fig. 2. Modified Recovery Experiment. X--X Standard curve for corticosterone 

0.02-0,08 pg. The double plot on the abscissa denotes the concentration of corticosterone 
used for the standard curve (fig. corticosterone/1.0 ml. H5SO4) and the amount of tissue 
used in Experiments 1-4 (ml. of tissue aliquot). Markings on the Experiment 1-4 curves 
(A, #, o) show the amount of tissue aliquot used in each experiment, 0.04 pg. of 
corticosterone (Experiments 1 and 2) and 0.08 fig. of corticosterone (Experiments 3 and 
4) were added to the aliquots of tissue used for analysis. Extrapolation points of the 
curves of Experiments 1 and 2 on the ordinate when read on the standard curve should 
read 0.04 pg. corticosterone and by the same token 0.08 pg. for Experiments 3 and 4. 
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Table 1. Appabent corticosterone concentration in different tissues of the rat 


Tissue 

Wet weight, mg. 

Total corticosterone, pg. 

Liver 

9.6 

0.010 ~ 


10.4 

0.010 


20.3 

0.014 


20.0 

0.010 


40.0 

0.016 


41.0 

0.016 

Kidne3' 

11.4 

0.010 


10.0 

0.010 


20.6 

0.016 


22.0 

0.015 


41.0 

0.015 


42.0 

0.019 

Brain 

11.4 

0.017 


11.2 

0.016 


20.8 

0.021 


21.2 

0.021 


41.0 

0.029 


41.0 

0.029 


sone acetate and cortisone acetate respectively. Nine of the ten rats in¬ 
jected with 9a;-fluorocortisone acetate did not survive tlie injection period 
while two died in the group receiAung tlie cortisone acetate. The over-all 
results indicate clearly the greatl}^ decreased content of corticosterone in 
the rat adrenals as a result of steroid administration. Cortisone acetate 
caused a 93% decrease in adrenal corticosterone and a 60% decrease in 
adrenal weight reduction and essential!}'- confirms the findings of Silber 
and Busch (2). In the single survivor of 9a:-fluorocortisone acetate treat¬ 
ment a similarly Ioav adrenal corticosterone rvas found. Analysis of rveight 
and adrenal corticosterone content of the left and right glands revealed no 
significant difference (Table 2). 

Table 3 shows the results obtained when cortisol was injected over a 
fairly wide range of concentrations in seven trials. The minimum dosage 
level at which cortisol caused a significant decrease in adrenal cortico- 


Table 2. Influence of cortisone acetate and 9a-FLU0R0C0RTis0NE on the 
corticosterone content of rat adrenals 
(Treatment period was 21 da 3 ’s) 


Material 

Total 

dose, 

mg. 

No, 

of 

rats 

Mean adrenal weight, 
mg. +S.E. 

Mean corticosterone in gland, 
Mg- +S.E. 

administered 

Left 

adrenal 

Right 

adrenal 

Left 

adrenal 

Right 

adrenal 

0 

0 

10 

18.1+1.0 

19.9+0.9 

1.33+0.13 

1.31±0.14 

Cortisone Acetate 

48.3 

18* 

8.6 + 1.0 

8 .7+0.7 

0.09±0.008 

0 .10±0.120 

9a-Fluorocortisone 

Acetate 

21 

It 

8.5 

8.0 

0.09 

0.09 


* 2 animals died during experimental period, 
t 9 animals died during experimental period. 






CORTICOID SUPPRESSION OF ACTH 


435 


March, 1959 


Table 3. Influence of cortisol on the corticosterone content of rat adrenals 

(Treatment period was 7 days) 


Material 

administered 

Total dose, mg. 

No. of rats 

Mean corticosterone 
per adrenal, 

Mg. ±S.E, 

0 

0 

12 

0.08±0.03 

Cortisol 

0.70 

12 

0.77±0.09 

2.10 

11 

0.72±0.06 


6.30 

11 

0.45±0,03 

0 

0 

12 

0.80±0.06 

Cortisol 

0.70 

12 

0.8810.10 

2.10 

12 

0.78+0.08 


6.30 

11 

0.41 ±0.04 

0 

0 

12 

0.76+0.07 

Cortisol 

6.30 

9 

0.48+0.00 


12.60 

10 

0.26+0.02 


18.90 

11 

0.2610.01 

0 

0 

12 

0.92+0.08 

Cortisol 

6.30 

12 

0.52+0.05 


12.60 

12 

0.29+0.02 


18.90 

12 

0.2710.03 

0 

0 

0 

0.83+0.19 

Cortisol 

3.15 

12 

0.71 +0.07 


6.30 

12 

0.55 + 0.07 


12.60 

12 

0.3410.01 

0 

0 

11 

0.8210.05 

Cortisol 

3.15 

12 

0.68+0.04 


6.30 

12 

0.38+0.03 


12.60 

12 

0.2710.01 

0 

0 

12 

1.1310.07 

Cortisol 

3.15 

12 

0.82+0.05 


0.30 

12 

0.74+0.07 


12.00 

12 

0.3610.02 

sterone was found to be 3.15 mg. per 7 days, while 12.60 mg. per 7 days 

caused a maximum decrease. The decrease in adrenal corticosterone was 

proportional to the amount of cortisol administered between the limits of 

3.15 to 12.6 mg. 

per animal over the 7'day period. In six trials slopes rang- 

Table 4. Index of precision 

OF ASSAY USrXG 

CORTISOL 

N 

Total dose levels, mg. 

Slope b 

Index of 
precision X 

22 

2.1; 6.3 

-0.572 

0.260 

23 

2.1; 6.3 

-0.711 

0.296 

19 

6.3;12.6 

-0.758 

0.158 

24: 

6.3; 12.6 

-0.773 

0.149 

36 

3.15; 6.3; 12.0 

-0.615 

0.276 

36 

3.15; 6.3; 12.6 

-0.764 

0.222 
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ing from —0.572 to —0.773 were found with a mean of —0.699. The index 
of precision (X) varied from 0.149 to 0.296 for these trials with a mean of 
0.227 (Table 4). On the basis of these calculations it appears that the rela¬ 
tive potency of a compound could be determined in relation to cortisol 
with a standard error of +18% by using a total of 40 animals, 20 on the 
unknown and 20 on the standard. 
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ADRENAL CORTICOID ACTIVITIES OF 9a-FLUORO- 
ll,3,16a,17a,21-TETRAHYDROXY-l,4- 
PREGNADIENE-3,20-DIONE'’2-^ 

J. W. PERRINE, L. BORTLE, E. HEYDER, R. PARTRIDGE, 

E. K. ROSS AND 1. RINGLER 

Experimental Therapeutics Research Section, American Cyananvid 
Company, Pearl River, Nexv York 

ABSTRACT 

Triamcinolone (9o'-fluoro'll^,lGaf,17a,21-tetrahj'droxj’'-l,4-pregnadiene-3, 
20 -dione) was studied in rats to assess its adrenocortical activities using the 
following assays; electrolyte excretion, liver glycogen deposition, growth-sur¬ 
vival and anti-inflammatory activity (asbestos pellet technique). 

Subcutaneously administered triamcinolone was 3 to 12 times more potent 
than prednisolone and 10 to 40 times more active than hydrocortisone in liver 
gl}’’cogen deposition tests. On oral assay, the relative potency of triamcinolone 
was higher. 

Triamcinolone proved to be 5 to 10 times more active than hj'drocortisone 
acetate in the anti-inflammatory assaj'. 

Triamcinolone was more efficacious than hydrocortisone and at least as ef¬ 
fective as DOC in maintaining the life of immature, male, adrenalectomized 
rats. Although survival time was prolonged, there was a suppression of growth 
when compared with the DOC-treated rats. 

Triamcinolone was found to be a potent diuretic and natriuretic steroid. 

E fforts to synthesize useful therapeutic analogs of hydrocortisone 
and cortisone have resulted in numerous steroids possessing pro¬ 
nounced mineralo- and glucocorticoid activities. Structural modifications 
of h 3 "drocortisone which enhanced glucocorticoid activity include halogena- 
tion at carbon 9 (1, 2), introduction of a double bond between carbon 1 
and 2 (3-6), and methylation at either carbon 2 (7, 8) or carbon 6 (9). 
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Further augmentation of activity was accomplished by combinations of 
two or more of the above molecular modifications ( 8 , 10 , 11 ); however, an 
increase in electrolyte activit}^ (sodium retention-potassium excretion) is 
associated with innovations such as Oa-halogenation and 2 a-methylation 
of hydrocortisone. Prednisolone (A^-hydrocortisone) reported to be three 
times as potent as hydrocortisone in animal assa 3 fs, "failed to produce 
sodium retention in adrenalectomized rats” ( 6 ), wdiereas 6 a meth 3 d-A'- 
hydrocortisone, also a potent glucocorticoid, was diuretic and natriuretic 
( 10 ). 

In the quest for further interesting chemical substitutions, investiga¬ 
tions in the biosynthesis of adrenal corticoids b 3 ’’ a variet 3 '' of species have 
suggested the presence of compounds more polar than hydrocortisone 
(12). Considerable interest has been shown in corticoids possessing addi¬ 
tional hydrox 3 d groups at positions 6 and/or 16 (13, 14). In a review article 
Bernstein (15), presents a list of some fourteen steroids, hydrox 3 dated in 
the 16 position, ■which have been isolated from urine and characterized. 

16 a-Hydrox 3 ’’ desoxycorticosterone was first prepared in 1953 by Hirsch- 
mann, Hirschmann, and Farrell (16), who observed that the “compound 
failed to demonstrate the high salt retaining activity of electrocortin.” 
Others, who have also reported on this compound, found that sodium- 
retention activity is absent or weak (17, IS). 

In further pursuance of this modification as a means of dissociating the 
undesirable sodium retentive activit 3 ’- of certain potent glucocorticoids, a 
number of 16a-hydrox3dated compounds have been prepared by Bernstein 
and his collaborators (19-23). The most active, 9a-fluoro-llj3,16a,17a,21- 
tetrahydrox 3 ’’-l, 4 -pregnadiene- 3 , 20 -dione (triamcinolone) possessed a glu¬ 
cocorticoid potenc 3 ^ 3 to 12 times that of prednisolone. Furthermore, tri¬ 
amcinolone exhibited a marked abilit 3 ’^ to promote water and sodium 
diureses. 

An elucidation of the biological efficac 3 '’ of this compound in comparison 
with other steroids is the aim of the experiments reported. 


METHODS 

Urinary excretion and liver glycogen deposition assay 

In this assaj", the biological effects of adrenocorticoids on electrolj'te excretion and 
liver glj'cogen deposition were assaj^ed siinnltaneously in the same animal. 

Steroid suspensions were prepared 63 ’’ grinding the steroids with the vehicle in groun 
glass homogenizers. The vehicle contained 0.5% carboxjnnethjdcellulose and 0.4% 
Tween 80 in 0.9% sodium chloride solution. This modification of the medium of Stafforr 
ef al. ( 11 ) excludes benzjd alcohol. , 

Adult male rats (Sherman or Wistar strain, 140-170 Gm.) were bilateral^ adrena 
ectomized, and were given 1 % sodium chloride in their drinking water and the lug i pro 
tein diet recommended by Olson et al. (24). All animals were held for 4 daj"s after ac rwa^ 
ectomj’- to allow clearance of residual adrenal steroids. On the fourth postoperativ e av, 
the animals were weighed and randomly grouped, and the food was removed to insure 
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maximum depletion of liver glycogen. Twenty-four hours later, the saline was discon¬ 
tinued, and graded doses of the steroids, in 0.2 ml. of vehicle per dose, were injected 
subcutaneously, or in 0.5 ml. of vehicle per dose, were administered orally by gavage. 
Control rats received only the carboxymethylcellulose vehicle. 

Thirty minutes after the administration of the steroid, the rats were lightly etherized 
to insure complete emptying of the bladder. They were then injected intraperitoneally 
with 5 ml. of 0.9% sodium chloride solution, and two rats were placed in each metabolism 
qage. The urine was collected in graduated cylinders after passing through a glass wool 
filter placed in the mouth of the funnel to prevent fecal contamination. No food or water 
was allowed during the assay. Five hours after saline administration, the glass wool 
filters were squeezed to remove trapped urine and the volume was recorded. The cages 
and funnels were then rinsed with distilled water until the final volume was 25 ml. The 
milliequivalents of urinary sodium and potassium per pair of rats were determined by 
flame photometry. 

Seven hours after dosing, all animals were anesthetized with 40 mg. of sodium pento¬ 
barbital per kilogram of body weight. The livers were quickly excised and immediately 
hydrolyzed in 30% potassium hj'droxide (Pabst et al. (25)). The total liver glycogen was 
determined by the anthrone method of Seifter et al. (26). 

The relative potencies of the steroids involved were statistically analyzed by deter¬ 
mining the linear regression lines by the method of least squares. Since these lines were 
not parallel, the relative potencies varied Avith the response level. The 0.4 and 1.2% liver 
glycogen points were arbitrarily chosen as the response levels at which the potencies are 
quoted. 

Life maintenance and growth 

Immature male rats (40-60 gm.) were bilaterally adrenalectomized and immediately 
injected subcutaneously with graded doses of the steroids suspended in 0.2 ml. of car¬ 
boxymethylcellulose A^chicle. Both sham-operated (rats whose adrenals were exposed but 
not removed, under identical operating conditions) and adrenalectomized controls re¬ 
ceived vehicle only. The injections continued dailj' for 14 days. The animals Avere main¬ 
tained on Purina dog chow and tap water ad libitum. 

Weights Avere recorded every 3 days throughout the 28'day period of the assay. 
Animals Avere checked daily and any rats surviving to the 28th day, Avith the exception 
of those sham-operated, AA'ere autopsied and examined for residual adrenal tissue. 
Those found to have evidence of adrenal tissue AA'ere eliminated from the experiment. 
This experimental procedure AA’as modified from that described by Tolksdorf et al. (6). 

.■inti-inflammatory test 

The test system is a modification of Meier’s cotton pellet method (27). Female albino 
rats (100-120 gm.) Avere anesthetized, and a 30 mg. ±1 mg. asbestos pellet (Seitz S-1, 
sterilizing) Avas placed in each of two subcutaneous pockets in the left and right dorsal 
areas. TAvice daily, beginning within tAVO hours postoperatively, groups of 6 rats were 
dosed subcutaneously AA'ith 0.1 ml. of the steroid suspension. The concentrations of the 
steroid suspensions were such that one half the desired daily dose Avas contained in 0.1 
ml. The control group, consisting of twice as many animals as the test group, was treated 
tAvice daily Avith 0.1 ml. of A'ehicle. Treatment Avas continued for 5 days. On the 6th day, 
the rats AA'ere sacrificed and the pellets, with accompanying granuloma tissue, Avere excised 
and weighed. 

Statistical analyses similar to those employed in the liver glycogen studies Avere used 
to determine the relative potencies. Here again, the regression lines were not parallel so 
the 600 and 1000 mg. pellet weights Avere chosen as the response levels for comparison. 
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RESULTS 

Electrolyte studies 

In contrast to desoxycorticosterone, triamcinolone exhibited a marked 
ability to promote sodium excretion when administered either subcuta- 
neousl}^ or orall 3 ’- to adrenalectomizde rats (Tables 1 and 2 ). Rats receiving 
50 jug. orally more than doubled their excretion of urine and increased mi- 

Table 1 5-hour urinary excretion iollowing subcutaneous administration of 

STEROIDS TO TASTED, SALINE-LOADED, ADRENALECTOMIZED RATS* 


Urme \ohune Elcctrolvte rc'spon'Jp 


Compound 

Dose, 

mg 

Not 

rats 

ml /5 hra (S E )t 

% of 
cont 

Na+ 

m eq /5 hr'^ (S E ) 

%of 

cont 

K+ 

m eq /5hrs (S E )t 

%o! 

cont 

Control 

— 

10 

5 1 ( ± 1 4) 

100 

1 55(± 4) 

100 

0 20 (± 01) 

100 

DOC 

.05 

8 

5 6 (± 37) 

109 

1 09(± 12) 

70 

0 34 (± 02) 

170 


.10 

4 

6 7 (6 0-7 5)§ 

131 

1 25(1 08-1 42) § 

80 

0 34( 34- 34)5 

170 

Triamcinolone 

006 

8 

8 6 (± 1 3) 

168 

1 74 (± 18) 

112 

0 30 (± 05) 

150 


025 

8 

15 4(±1 3) 

302 

2 27 (± 18) 

146 

0 44 (± 03) 

220 


05 

8 

10 6(±1 1) 

208 

1 93 (± 30) 

124 

0 55 (± 06) 

275 


10 

8 

11 7 (±0 77) 

229 

2 19 (± .15) 

141 

0 65 (± 03) 

325 


* Pooled data from duplicate experiments 
t 2 rats/case—\ allies e\prcssed/cago 
j Standard Error 
§ Range 


Table 2 5-hour urinart excretion following oral administration of steroids 

TO PASTED, SALINE-LOADED, ADRENALECTOMIZED RATS* 


Urine \ olume Elcctrolj tc response 


Compound 

Dose 

mg 

Not 

rats 


ml /5 lirs. 
(range) 

7c of 
cont 

Na"^ 

m eq /5 hrs 
(range) 

%of 

cont 

Iv+ 

m eq /5 hrs 
(range) 

“a 1 

Control 

— 

8 

3 

5 (2 5- 5 5) 

100 

0 96 ( 

75-1 26) 

100 

0 22 ( 19- 26) 

100 

DOC 

05 

4 

4 

0 (1 5-6 5) 

115 

1 14 ( 

71-1 57) 

118 

0 30( 29- 31) 

137 


25 

4 

3 

0 (1 5- 4 5) 

86 

1 09 ( 

81-1 38) 

113 

0 23( 22- 24) 

105 


1 

4 

2 

7 (2 5- 3 0) 

80 

0 89 ( 

87- 92) 

92 

0 21 ( 20- 21) 

95 


5 

4 

2 

7 (2 5- 3 0) 

80 

0 82 ( 

74- 91) 

85 

0 43 ( 37- 49) 

195 

Triamcinolone 

01 

4 

7 

5 (6 0- 9 0) 

215 

1 36(1 

22-1 50) 

142 

0 21 ( 20- 21) 

95 


05 

S 

7 

9(3 0-11 5) 

226 

1 55 ( 

88-2 09) 

162 

0 35 ( 34- 39) 

159 


25 

8 

8 

1 (7 0- 9 0) 

231 

1 57(1 

23-1 94) 

163 

0 51( 46- 59) 

232 


1 25 

4 

8 

0(5 0-11 0) 

228 

1 93(1 

84-2 02) 

202 

0 67 ( 65- 69) 

304 


* Pooled data from duplicate experiments 
t 2 rats/cage—^alucs e\pressed/cage. 


nary sodium excretion b 3 ’’ 62 % as compared with adrenalectonhzed contiols. 
At the same time, potassium loss was increased bj^ 59%. Fuither evalua¬ 
tion of the data indicated that, generallj'-, water and potassium excretion 
increased over control levels to a greater degree than that of sodium. 

Comparable data on the diuretic and natriuretic actions of triamcino¬ 
lone have been obtained bj'^ Dorfman et al. (28). 

Liver glycogen deposition studies 

Triamcinolone and prednisolone were compared with hydrocortisone foi 
liver glycogen deposition activity after subcutaneous or oral administra 
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tion (Tables 3 and 4). Triamcinolone was found to be 10 (95% fiducial 
limits 7 to 15) to 40 (23 to 69) times as potent as hydrocortisone subcu¬ 
taneously, and 41 (30 to 56) to 84 (60 to 117) times liydrocoitisone orally. 
The relative potencj'^ of triamcinolone to prednisolone in the subcutaneous 
and oral assay was calculated to be 3 (2 to 5) to 12 (8 to 20), and 9 (7 to 13) 
to 19 (14 to 27), respectively. Triamcinolone diacetate was found to be 9 


Table 3 Li'iBR qli cogen deposition polloimng subcutaneous administration of 

STEROIDS TO FASTED, ADRBNALECTOMIZED RATS-7-HOUR ASSAI * 


Compound 

Dose 

No of 

Mean liver 

Standaid error 

(mg /rat) 

rats 

glj cogen % 

of mean 

Control 

— 

14 

0 25 

+ 02 

Hydrocortisone 

25 

4 

0 52 

+ 07 


50 

4 

1 04 

+ 04 


1 00 

12 

1 39 

± 12 

Prednisoloiict 

125 

8 

0 83 

-1- 10 


25 

6 

1 55 

+ 27 


50 

8 

1 54 

+ 01 


1 00 

7 

1 04 

± 06 

Triamcinolone 

000 

8 

0 36 

+ 08 


025 

7 

0 79 

+ 09 


050 

8 

1 15 

+ 06 


100 

8 

1 32 

± 07 

Triamcinolone diacetate 

006 

7 

0 31 

+ 04 


025 

8 

0 95 

+ 04 


050 

8 

1 06 

+ 08 


100 

8 

1 19 

± 03 

* Pooled data from duplicate experiments 




t Obtained from Sobering Corp , Bloomfield, 

N J 



Table 4 Liver glicogen deposition following 

ORAL administration OF 

STEROIDS TO 

fasted, adrenalectomizld rats—7-houb assai * 

Compound 

Dose 

No of 

Mean liver 

Standard error 

(mg /rat) 

rats 

glycogen % 

of mean 

Control 

— 

8 

0 22 

+ 01 

H 3 'drocortisone 

2 

4 

0 99 

+ 23 


6 

8 

1 33 

+ 18 


12 

8 

1 55 

+ 10 

Prednisolonet 

0 5 

8 

0 79 

+ 03 


2 

8 

1 52 

+ 16 


8 

8 

2 19 

± 18 

Triamcinolone 

0 01 

4 

0 43 

+ 06 


0 05 

8 

1 05 

+ 10 


0 25 

8 

1 35 

+ 14 


1 25 

4 

1 37 

+ 15 

Triamcinolone diacetate 

0 01 

4 

0 34 

+ 03 


0 05 

8 

0 82 

+ 08 


0 25 

8 

1 51 

+ 17 


1 25 

4 

1 34 

+ 23 


Pooled data from duplicate experiments 
t Obtained from Sobering Corp , Bloomfield, N J 
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(6 to 14) to 37 (22 to 63) times as potent as hydrocortisone subcutaneousl}^ 
and 36 (26 to 49) to 73 (53 to 102) times hj'^drocortisone orally. 


Life maintenance and growth studies 

The data presented in Table 5 (Experiments 1 and 2) are the results of 
duplicate studies. Adrenalectomized rats had a mean survival time of 5 
daj^s. In groups receiving desox 3 morticosterone, mean survival times of 7 
to 16 daj'S were recorded. Onl^^ the sham-operated animals survived the 
28-da3" test. It is evident that hj^drocortisone was less effective than de- 
soxjmorticosterone in maintaining life, while triamcinolone, triamcinolone 
diacetate, and prednisolone were at least as effective, if not more so. The 
results with prednisolone are in accord with those reported bj" other woi-k- 
ers (6). 

Changes in body weight observed during steroid treatment are included 


Table 5. Survival time of adrenalectomized, immature male rats 


Treatment 

Dose, 
mg./rat 

No. 

of 

rats 

Average body weight 
in gm. 

No. 

sur¬ 

viving 

14 

days 

iMean 

survival 

time 

(davs) 

±S'.E. 

/day 

subcut. 

Initial 

(range) 

At 13 days 
(range) 

Experiment I* 

Sham-adrenalectomized 

controls 

— 

15 

60 

(45-70) 

130 

(114-154) 

13 

25+2.0 

Adrenalectomized 

controls 

— 

15 

60 

(50-70) 

— 

0 

5 ± .C 

Desoxyeorticosterone 

0.045 

15 

59 

(48-73) 

— 

0 

7+ .8 


0.18 

16 

56 

(46-60) 

104 

(84-118) 

11 

16 + 1.7 

Hydrocortisone 

0.12 

16 

52 

(50-68) 

96 

(96) 

1 

10± .7 


0.48 

15 

60 

(52-70) 

93 

(70-118) 

12 

17 + 1.4 

Prednisolone t 

0.03 

16 

60 

(47-72) 

— 

0 

9± .7 


0.12 

18 

59 

(50-71) 

80 

(58-100) 

14 

15 + 1.2 

Triamcinolone 

0.015 

15 

59 

51-64 

— 

0 

8 + .8 


0.03 

15 

58 

(50-66) 

70 

(62-78) 

3 

9 + 1.0 


0.06 

17 

58 

(46-67) 

69 

(50-85) 

12 

13±1.4 


* Wistar strain rats. 

t Obtained from Sobering Corp., Bloomfield, N. J. 


(Coniimied on next page) 
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Treatment 

Dose, 

mR./rat 

No. 

of 

rats 

Average body weight 
in gm. 

No. 

sur¬ 

viving 

14 

days 

Mean 

.survival 

time 

(days) 

±S.E. 

/day 

snbcut. 

Initial 

(range) 

At 13 days 
(range) 


0.12 

14 

(52-69) 

6S 

(60-74) 

5 

9 + 1.7 

Triamcinolone diacetate 

0.015 

10 

57 

(49-07) 

56 

(56-56) 

1 

8+0.7 


0.03 

16 

58 

(48-67) 

65 

(00-69) 

3 

8±1.2 


0.00 

17 

58 

(52-66) 

68 

(64-70) 

7 

11 ±1.0 


0.12 

15 

58 

(46-65) 

64 

(54-78) 

7 

12 + 2.3 

Experiment 2* 

Sham-adrenalectomized 

controls 

— 

33 

65 

(52-78) 

131 

(103-170) 

33 

28 

Adrenalectomized 

controls 

— 

35 

62 

(52-74) 

94 

1 

5+ .4 

Desoxycorticosterone 

0.045 

35 

65 

(54-74) 

93 

(92-94) 

2 

7± .5 


0.09 

33 

62 

(50-74) 

91 

(83-98) 

8 

9± .7 


0.18 

34 

62 

(44-74) 

102 

(73-126) 

21 

14±1.2 

Hj'drocortisone 

0.12 

34 

62 

(52-70) 

88 

(79-94) 

4 

9+ .6 


0.24 

34 

64 

(53-74) 

(70-^130) 

26 

15± .8 


0.48 

34 

63 

(50-74) 

94 

(78-110) 

25 

15±1,2 

Prednisolone t 

0.03 

36 

63 

(54-70) 

90 

(74-105) 

6 

9± .8 


0.06 

33 

60 

(55-72) 

89 

(74-112) 

8 

10± .8 


0.12 

36 

62 

(50-73) 

83 

(56-108) 

20 

14 + 1.0 

Triamcinolone diacetate 

0.015 

34 

- 63 

(54-74) 

79 

(68-93) 

6 

9+ .7 


0.03 

32 

59 

(54-74) ' 

78 

(70-88) 

13 

12+ .8 


0.06 

34 

63 

(48-72) 

70 

(54-94) 

22 

14 + 1.0 


0.12 

32 

63 

(52-72) 

70 

(48-86) 

24 

17 + 1.1 
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in Table 5. Desoxycorticosterone was superior to triamcinolone, triam¬ 
cinolone diacetate, or prednisolone in promoting the gi’owth of adrenalec- 
tomized rats. Moreover, prednisolone appeared superior to triamcinolone 
or its diacetate in this respect. That a direct relationship between survival 
and weight gain in adrenalectomized animals need not exist has been ex¬ 
pressed by both Dorfman (29) and Leathern (30). 


Anti-inflammatory studies 

The ability of triamcinolone to inhibit the formation of granulomatous 
tissue appeared enhanced in comparison with hydrocortisone. It can be 
seen from the data (Table 6) that there was a decrease in granuloma forma¬ 
tion as the dosage of steroid was increased. There was also a concomitant 
decrease in body weight. 


Table 6. Effect of steroid treatment on granuloma formation 


No. 

animals 
per group 

Chemical 

Dose, 

mg./daj' 

Avg. body 
weight change, 
gm. 

Avg. granuloma 
wt. per rat, 
mg. 

12 

Control 

— 

4-10.8 

1,202 

6 

Hj'drocortisone acetate 

12 

-13.3 

596 

6 

4 

-11.G 

682 

6 

' 

1.4 

- 6.6 

832 

6 


0.4 

- 3.3 

1,064 

6 


0.14 

4-10.0 

1,166 

6 

Triamcinolone 

1.2 

-28.3 

552 

6 


0.4 

-15.0 

754 

6 


0.14 

- 1.6 

916 

6 


0.04 

4- 3.3 

1,152 


AVhile a decrease in both granuloma formation and body weight occurred 
during hydrocortisone and triamcinolone treatment, the two phenomena 
are not necessaril}^ dependent upon each other. Desaulles et at. (31) have 
shown that, while cortisone and hydrocortisone result in a reduction of 
both granuloma formation and body weights, corticosterone and desox}'- 
corticosterone reduced the granuloma formation while maintaining body 
weight gains. 

The relative potency of triamcinolone was 5 (95 per cent fiducial limits 
3 to 8) to 10 (7 to 15) times that of hydrocortisone. 

DISCUSSION 

Glucocorticoid potency exceeding that of cortisone and hydrocortisone 
has been demonstrated for 9a;-halogenated steroids (1, 2), for compoun s 
methylated at carbon 2 or those possessing both substituents (8), ^ 

9a:-halogenated steroids containing a double bond between carbons 1 
(11). However, each structural alteration alone or in combination gieat} 
accentuated their ability to induce sodium retention. 
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The present report indicates that the 16a-hydroxylation of Qa-fluoro- 
A^-hydrocortisone produced no major alteration of its glucocorticoid ac¬ 
tivity (11), yet completely negated its sodium-retention property. Triamci¬ 
nolone not only failed to induce water and sodium retention, but actually 
acted as both a diuretic and natriuretic agent in the saline-loaded, adrenal- 
ectomized rat. 

A further consideration of these data illustrates the potency of triamci¬ 
nolone as a glucocorticoid. Subcutaneously administered triamcinolone re¬ 
vealed potencies relative to h3'^drocortisone and prednisolone of 10 to 40, 
and 3 to 12, respectively. However, orally, the relative potencies were 41 
and 84, and 9 to 19, respectivel3^ This enhanced oral-to-parenteral activity 
ratio also has been reported by Spero et al. (32) for the fluorinated 6-meth5d 
steroids, and by Lyster ei al. (10) for prednisolone and its 6-methyl analog. 
Though at present there are no experimental data to explain this phenome¬ 
non, these variances may reflect differences in the rates of absorption 
and/or metabolism of S3mthetic glucocorticoids. 

Life maintenance and growth studies showed that hydrocortisone was 
less effective than DOC in maintaining the life of adrenalectomized rats, 
while triamcinolone and prednisolone Avere at least as effective. Both DOC 
and prednisolone were superior to triamcinolone in increasing the weight 
gain of these animals. 

While it is difficult to make definite conclusions from these data con¬ 
cerning the relationships of the physiological activity of these steroids to 
the growth and longevity of adrenalectomized rats, some inferences can be 
drawn. Using triamcinolone as an example, it is quite apparent that liver- 
glycogen deposition and sodium excretion are not necessarily adverse to 
increased longevity in rats. Borman et al. (33) present evidence, using halo- 
genated corticoids, that there is not always a direct correlation between 
sodium-retaining activity and groudh-survival activity. 9Q:-bromo-hydro- 
cortisone acetate, which has little sodium-retaining activity, markedly 
stimulated groudh and survival, while 9a-fluoro-hydrocortisone acetate, 
which is more potent than DOC as a sodium retainer, and also possesses 
strong glucocorticoid activit3’- (2), appeared less effective than DOC in 
growth-survival tests. To further complicate this picture, species differ¬ 
ences between rats (33) and dogs (34) have been reported in life-mainte¬ 
nance studies with 9a:-halogenated corticoids. Thus, it is apparent that, 
though salt conservation may be a predominant factor in life maintenance 
of adrenalectomized rats, protein-carbohydrate metabolism may play a 
role of considerable importance. This does not preclude the entrance of 
other, as yet unknown, factors. 

A nuinber of structural alterations in the steroid nucleus have been 
studied in relation to anti-inflammatory activity as measured by granu¬ 
loma inhibition (35). The presence of various hydrox3d groups (11/3, 17o:, 
21) appears essential for maximum anti-inflammatory potency. Fluorina- 
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tion of the 9a position of hydrocortisone further increased anti-inflamma' 
tory activity. In the cotton pellet anti-inflammatory assay Dulin (36) has 
reported that A^-Qa-fluoro-hydrocortisone is 14 times more active than hy¬ 
drocortisone. Data obtained from the asbestos-pellet assay employed here 
indicate that triamcinolone is 5 to 10 times more active than hydrocorti¬ 
sone acetate. Since no direct comparison of triamcinolone and A’-Qa-fluoro- 
hydrocortisone was attempted, it is not possible at present to apply sig¬ 
nificance to the apparent depression in anti-inflammatory activity resulting 
from 16a-hydroxyIation. 
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EFFECTS OF RESTRICTED FOOD INTAKE AND 
GROWTH HORMONE ON RAT LIVER 
PROTEINS AND NUCLEIC ACIDS' 
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of New York, Upstate Medical Center, Syracuse, Neiu York 

ABSTRACT 

A study was made to determine the part played by food intake on differences 
observed in rat liver cells of h 3 'pophysectomized and growth hormone treated 
Itypophysectomized rats. It was found that: (1) neither restricted food intake 
nor growth hormone has anj’’ effect on the average DNA content of liver nuclei 
within a given class of ploidj'; (2) restricted food intake does play some part in 
the degree of ploidj' shift in the intact as well as in the growth hormone treated 
hjfpophysectomized animals. In order to obtain the full shift, both the presence 
of the pituitary (growth hormone) and an unrestricted food intake are necessary; 

(3) the inhibitor}'’ effect of restricted diet and the stimulatory effect of growth 
hormone on nuclear and cytoplasmic RNA and protein have been shown. 

A differential effect of hypophj'sectomy on decreased nuclear RNA between 
diploid and tetraploid nuclei has been demonstrated, and a possible explanation 
for this effect has been offered. 

An attempt has been made to relate these findings to the amino acid transfer 
hypothesis of growth hormone action. 

T he results of a series of studies from this laboratory (1, 2, 3), on livers 
of young hypophysectomized rats, may be summarized as follows: 
(1) the amount of deox^uibose nucleic acid (DNA) per nucleus is unaltered 
by loss of the anterior pituitary hormones or by replacement therapy with 
a purified growth hormone preparation.^ (2) The amount of nuclear and 
cytoplasmic protein and ribose nucleic acid (RNA), as -well as nuclear and 
cjdoplasmic volumes are louver than in intact controls of the same age and 
sex, while treatment of hypophysectomized animals -with a purified growth 
hormone preparation results in a restoration to levels observed in intact 
controls. (3) There is an arrest of the “ploidy shift,” wdiich normally occurs 
during the growth of the animal, coupled wfith a marked reduction of 
mitotic activit 3 ^ This results in a ploidj^ pattern like that found at the 

Received August 4, 1958. 

^ Aided by a grant from the American Cancer Society. 

- The purified growth hormone (Lot No. Ml08) was generously supplied bj' the Enc o 
crine Research Division of Armour and Company'. Their analy'sis of this prepanation w 
dieated a complete lack of ACTH and gonadotrophic activities and the presence o a 
barely' detectable TSH activity'. The lack of gonadotrophic and ACTH activities «as 
confirmed in our laboratory' by the lack of increase in adrenal and testes veig 
mg./lOO gm. body' wt. of hypophy'sectomized animals treated with the preparation as 
compared to operated controls treated with saline. 
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time of hj^pophysectomy. Growth hormone replacement therapy restores 
both ploidy distribution pattern and mitotic activity to those of intact 
controls of comparable weight and sex. 

Low protein diets and starvation for varying periods of time have been 
reported to reduce cell basophilia and to cause other alterations in the 
chemical morphology of liver cells (4, 5, 6, 7, 8). Therefore, it was pertinent 
to determine whether or not differences in food intake between growth hor¬ 
mone treated and untreated hypophj^sectomized rats could be responsible 
in part for the changes previously reported by us. 

MATERIALS AND METHODS 

Hypophysectomized and intact male Sprague-Dawley rats were obtained one day 
after operation from the Hormone Assay Laboratory, Chicago, Illinois. The animals 
were observed for one day and then divided into 6 groups. The experimental design can 
be seen best by examination of the following table (Table 1): 


Table 1. Expehimextal design 


Group 

No. 

No. of 
rats 

Description 

Time of 

1 tissue sampling 

I 

6 

Initial intact 

i 

1 Mean bod)' wt, as in II 

11 

5 

Initial hypophysectomized 

2 days post-op. 

III 

10 

Intact, fed ad lib. for 7 days 

8th day 

IV 1 

18 

Hypophysectomized, fed ad lib. for 7 davs, 

8th day 

V 

1 

7 

Hypophysectomized, 0.25 mg. b.d. G.H. 
i.m., 7 days, pair-fed with IV 

8th da)' 

VI 

13 

Intact, pair fed with IV for 7 days 

8th day 


All animals were fed a measured amount of synthetic diet’ adequate to support normal 
growth in intact rats of the age, sex and weight range used in these experiments (10 con¬ 
trols, average body weight 90 gm., fed the above diet for 7 days gained an average of 43 
gm.). 

The animals were sacrificed by decapitation; the livers were rapidlj' dissected out, 
blotted, weighed and samples for microspectropliotometric anabasis were fixed in 25% 
neutral formalin. The remainder of the liver was then frozen in alcohol-dry ice and stored 
at —20° C for further biochemical analyses. 

Cj'tochemical analyses were carried out on 10 g paraffin sections. The cy tophotometric 
apparatus employed for measurements of protein and nucleic acids in situ was a modifica¬ 
tion of one described by Pollister and Moses (9). The photometer used was a Photovolt 
Electronic Multiplier Photometer (Model 520M with a 21c search unit). 

Determinations of DNA were made by measuring extinctions at 560 mg of cores, 3 g 
in diameter, through the centers of nuclei stained by means of the Feulgen reaction (14 
min. hj'drolj'sis in 1N HCl at 60 C, followed by staining with Schiff reagent prepared ac¬ 
cording to the directions of Stowell (10)). These extinction values were then converted to 
arbitrarj’^ units of DNA per nucleus according to the method described by Swift (11). 
U hole nuclei were selected at random for studies of ploidy distribution. For each group 
of experi mental animals, the mean DNA content per diploid (2n) and tetraploid (4n) 


’ Casein 22%, Wesson oil 5%, Glucose 69%, Salts 4%. Vitamins/100 gm. of diet: 
Choline 50 mg., Paraaminobenzoic acid 2 mg.. Inositol 50 mg.. Thiamine 0.5 mg., Ribo- 
avm 1.0 mg.. Niacin 2.5 mg., PjHdoxine 0.5 mg., Calcium Pentothenate 5.0 mg., Biotin 
0 4 mg., Menodione 0.5 mg.. Folic acid 0.2 mg., Vit. 12 gg., Vit. A 1,000 i.u., Vit. D 
1001.U., Alpha tocopherol acetate 10 mg. 
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class of nuclei was calculated from frequency distribution plots of all nuclei measured 

RNA studies were conducted utilizing basic staining in conjunction with ribonuclease 
digestion. Sections were digested for 3 hrs. at 37° C in a 0.1% aqueous solution of the 
enzyme (Armour and Co., Lot 9044X) which had been boiled to remove any traces of 
proteolytic activity and adjusted to pH 6.0 with NaOH. Control sections were similarly 
treated except for the absence of the enzyme from the incubating medium. Both control 
and digested sections were then stained with Azure A (National Aniline Certification 
No. NAzl4) as described by Flax and Pollister (12) and Pollister (13). Thus nuclear and 
cytoplasmic RNA were computed by subtracting the amount of dye bound after ribo¬ 
nuclease digestion from that found in control sections. 

For protein studies, the trichloracetic Millon reaction described by Pollister and Ris 
(14) was emplojmd. 

Extinction measurements of 3 p plugs through nuclei and cytoplasm were made at 575 
mp for Azure A stained sections and 365 mju for Millon stained sections. These measure¬ 
ments were made in cells whose nuclear size limits were calculated^ to insure choosing 
cells which would be known to fall in each of the two ploid}’^ classes studied (2n and 4n). 
Since the thickness of the sections used was greater than that of nuclei measured, nuclear 
extinctions were correeted for the extinction due to cj'toplasm in the light path above 
and below the nucleus. These figures were then converted to arbitrary units of nuclear 
content as before (11). No attempt was made in these experiments to convert the extinc¬ 
tions measured for c 3 "toplasmic plugs into units of content. These were utilized as ex¬ 
tinction values, representing a measure of cj’toplasmic concentration rather than content. 

The desired wavelengths of light for measurement of extinctions of Azure A and Feul- 
gen stained sections wore isolated from a tungsten source bj' means of a 250 mm. Bausch 
and Lomb grating monochromator, while for Millon protein determinations the desired 
wavelength was isolated from a mercurj' vapor source. 

Student’s “t” test was used to tost for differences between group means at the 1% 
level, “t” values were calculated from the total number of measurements on individual 
cells within each experimental group. 


RESULTS 

Body Weight: The average body weights of the 6 groups of animals at 
the time of sacrifice were as follows: Grouj) I, initial intact, 96 gm.; Growp 
II, initial hypophj'^sectomized, 89 gm.; Group III, intact fed ad Ub. for 7 
da 3 '^s, 133 gm. (an aA'^erage gain of 43 gm.); Group IV, hj'^pophj’sectomized 
fed ad lib. for 7 daj^s, 85 gm. (an average loss of 7 gm.); Group V, growth 
hormone treated hypophysectomized pair-fed against IV for 7 days, 110 
gm. (an average gain of 14 gm.); Group VI, intact pair-fed against IV for 
7 daj^s, 90 gm. (an average gain of 6 gm.). The food intake of hj'pophj" 
sectomized animals, and therefore of animals pair-fed against them, was 
from 35 to 40% of that eaten the ad lib. fed intact controls. 

DNA and Ploidy Distribution: Table 2 summarizes the microspectio- 
photometric data of DNA content of 2n and 4n nuclei and the per cent 
distributions of these two classes. In all groups, 2n figures clustered arounc 
9 DNA units and 4n figures around 18 DNA units. It is also apparent that, 
while there was no change in DNA content within a given class of ploi 3 1 

of nuclear diameters at 


From ploidy distribution data bj-^ determining the ranges 
which no overlap between 2n and 4n DNA values was observed. 
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Table 2. DNA content and bloidy distkibution of bat livek cells 


Group 

No. 

No. of 
cells 

Content* 

Per cent distribution* 

2n 

4n 

2n 

4n 

I 

400 

9.31+0.08 

18.2±0.2 

56.3 + 1.5 

43.7 + 1.5 

II 

400 

10.1 +0.1 

19.3±0.2 

62.5 + 1.4 

37.5 + 1.4 

III 

400 

9.81 +0.08 

19.2 + 0.2 

37.5+1.2 

64.3 + 1.2 

IV 

800 

9.54+Q.04 

18.9+0.1 

69.2 + 0.8 

30.8+0.8 

V 

400 

9.54+0.07 

18.6±0.2 

45.1±1.3 

54.9 + 1.3 

VI 

400 

g.l3±0.09 

18.0±0.2 

42.6±1.1 

57.4 ±1.1 


* Each figure represents a mean value for the group +S.E. 


alterations in the per cent distributions of the two classes did occur. Diploid 
nuclei predominated in the ploidy distribution pattern in groups I, II, and 
IV, while tetraploid nuclei predominated in groups III, V, and VI. 

RNA: The data on nuclear and cytoplasmic RNA measurements are 
presented in Table 3. A differential response of the RNA content in 2n as 
opposed to 4n nuclei was observed. This was not apparent in the cytoplasm 
of these two classes of cells. Attention is directed to the fact that in animals 
2 days after hypophysectomy the nuclear content and cytoplasmic con¬ 
centration was below that of initial intact rats (I vs II, P <0.01); and that 
both were further decreased during the followung 7 days (II vs IV, P <0.01). 
The nuclear content and cytoplasmic concentration remained essentially 
unchanged in intact rats allowed food ad lib. for the 7 day experimental 
period (I vs III, P >0.1). In pair-fed intact animals, during the same period 
of time, both nuclear content and cytoplasmic concentration of RNA were 
less than that of the ad lib. fed (III vs VI, P <0.01). This decrease however, 
was not of the same magnitude as that seen in untreated hypopophy- 
sectomized animals (IV vs VI, P <0.01). 

Protein: The results of the protein studies are shown in Tabled. Differ¬ 
ences in protein may be seen in both the nucleus and cytoplasm of the two 
ploidy classes of cells studied. Within each ploidy class the per cent change 
in all groups was the same for both nuclei and cytoplasm. Except for the 
lack of a differential response in protein between 2n and 4n nuclei which 
was observed in the RNA studies, the protein data paralleled the RNA 
data. 


Table 3. Nuclear and cytoplasmic RNA of bat liver cells 


Group 

No. 

No. of 
cells j 

Nucleus 1 

Cytoplasm 

Content* 

Per cent of 
initial intact 

1 

E.x:tiQction* j 

j Per cent of 
initial intact 



i 2nt 1 

I 4at 

2n 

1 i 

2nt 

4nJ 

2n 

4n 

I 

200 

4.95+,09 1 

7.92± .10 

100 

100 

.426± .015 

.451+ .018 

100 

100 

ii 

200 

3.19±.06 1 

6.05+ .08 

1 64 

76 

.255+ .011 

.257 ±.012 

60 

61 

III 

200 

5.17 ±.OS 

8.25± .11 

104 

104 

.439+.019 

.473+ .015 

103 



400 1 

2,64 ±.03 

5.90+ .04 

53 i 

75 

.217+ .008 1 

.223 ± .007 

51 1 

5D 



4.42+ .09 

6.72±.09 

1 89 

85 

.325+.012 

.332i .013 

76 

74 



3.nG± .08 

6.55+.10 

80 

83 

.335 ±.012 

.368± .015 

79 

75 


* Each figure represents a mean value for the group +S.E. 
T pleasured only nuclei or cytoplasm of cells whose nuclear 
? Measured only nuclei or cytoplasm of cells whose nuclear 


diameters ranged between 5.5 and 6.0 u. 
diameters ranged between 7.8 and 8.3 p. 
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*rABLE 4. Nuclear and cy'toplasmic protein of rat liver cells 


Group 

No. 

No. of 
cells 

Nucleus 


Cytoplasm 

' ■ 

-— 

Content* 

Per cent of 
initial intact 

Evtinction* 

Per cent of 
initial intact 

2nt 

4n}: 

2n 

4n 

2nt 

4nt 

2n 

4n 

I 

200 

0.21+ .11 

13.3± .15 

100 

100 

.640± .008 

.615-^ .008 

100 

inn 

II 

200 

5.64 ± .10 

11.9± .14 

90 

89 

.572± .009 

.553+ .008 

89 

90 

III 

200 

6.41+ .09 

14.0± .15 

103 

105 

.667± .011 

.648± .010 

104 

105 

IV 

400 

4.43± .06 

10.1± .10 

71 

76 

.405± .005 

.433± .004 

73 

70 

v 

200 

5.73± .09 

12.4± .12 

92 

93 

.581±.009 

.560+ .008 

91 

91 

VI 

200 

5.54+ .09 

12.1±.10 

89 

91 

.585+ .008 

.569± .009 

91 

93 


* Each figure represents a mean value for the group ±S.E. 

t Measured only nuclei or cytoplasm of cells whose nuclear diameters ranged between 5.5 and 6.0 n. 
i Measured only nuclei or cytoplasm of cells whose nuclear diameters ranged between 7.8 and 8.3 n. 


DISCUSSION 

Under conditions of tliese experiments neitlier growth hormone nor re¬ 
stricted food intake influenced the DNA content of rat liver cells within a 
given class of ploidy. This is in agi-eement with our previous findings (1, 2, 
3) and with the findings of other vmrkers who, bj’’ means of other tech¬ 
niques, have shown a lack of dietar}'- effects on the amount of DNA within 
a liver cell nucleus (15). 

In an earlier publication Di Stefano, ei al. (3), in livers of rats of the 
same strain, weights and sex as those used in these experiments, reported a 
“ploidy shift” from a predominance of 2n nuclei to a predominance of 4n 
nuclei in intact animals fed ad lib. for 7 da 3 ’'s; an inhibition of this “ploidj^ 
shift” in the hj^poplD^sectomized rat; and a restoration of ploidy patterns 
to control levels following growth hormone replacement therapy of hy- 
pophysectomized animals allowed to eat ad libihc7n. These observations 
have been confirmed and extended in the present study. Our earlier con¬ 
clusion for this failure of development of the “ploidj^ shift” was that the 
lack of growth hormone was responsible for the maintenance of the more 
juvenile state of ploidy characteristic of the liver at the time of hypophy- 
sectomy. In this respect the symthetic activities of the cell necessary for 
the cell division, which must be a prerequisite for a change from a 2n to a 
4n predominance, would be markedly reduced or inhibited by the lack of 
the anterior pituitary. 

The data presented in this paper indicate that the “ploidy shift” was 
significantly retarded in the pair-fed intact rats (compare groups III and 
VI, Table 2, P<0.01). In the hypophy'^sectomized animals given growth 
hormone while pair-fed against ad libitum fed hypophysectomized animals, 
the resultant ploidy pattern was the same as that observed in the pair-fed 
intact rat. That the major portion of the ploidy shift is growdh hormone 
dependent is indicated by'’ a comparison of the observed growth hormone 
effect (groups IV, V, and VI, Table 2; V VI, P >0.1; IV rs Vand/or VI, 
P <0.01) with the dietary restriction effect referred to above. The order o^ 
magnitude of the hormone effect is clearly greater than the inhibitory 
effect of diminished food intake. 

Dietary effects resulting in losses of liver tissue components following 
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periods of fast or of feeding protein deficient diets have been reported by 
several investigators. Kosterlitz (5) has reported the loss of 27% of the 
liver cytoplasm in rats restricted to a protein-free diet for a period of 7 
days; Brachet, et al (6), who compared fasted and non-fasted control mice, 
noted a marked reduction in cj^toplasmic protein and RNA in the livers of 
animals fasted for 4 days; Lagerstedt (7) studied changes in rat liver cells 
produced by the quantitative variations in the protein content of the diet, 
ranging from complete starvation for a period of 5 days through feeding of 
high protein diets to starved animals, and found that in fasted animals, as 
well as in animals on low protein diets, the degree of nuclear basophilia 
was markedly reduced and that of the cjdoplasm eventually was com¬ 
pletely lost. These parameters, he found, could be reversed by restoring 
protein to the animal’s diet. Thomson, et al. (S) reported that in rat liver, 
a 48 hour fast caused a reduction of lipid phosphorus, protein nitrogen, and 
RNA by 20 to 30%. Our findings are in agreement with those of these 
workers since we observed a decrease of the same order of magnitude in 
these parameters in pair-fed animals whose food intake Avas reduced by 
some 60% of that of ad lib. fed intact animals. Although a reduction of 
nuclear and cytoplasmic RNA and protein was seen in the liver cells of 
the intact rats whose food intake was restricted by pair-feeding against 
hj^pophysectomized rats, this decrease was not as great as that seen in the 
hypophysectomized animals. This points to the fact that a major portion 
of the decreased RNA and protein in the liver cells of the hypophysec¬ 
tomized rat was due to the lack of the anterior pituitary and only partially 
to the loAA'^ered food consumption of these animals. That moiety of RNA 
and protein loss Avhich was due to hypophysectomy was restored to pair- 
fed intact control levels by growth hormone administration, while both 
groAvth hormone treatment and unrestricted food intake rvould appear to 
be necessaiy in order to return these values to normal levels (1, 2). 

The mechanism of the differential response to hypophysectomy of the 
2n and 4n nuclear RNA mentioned above is not known. Since the age of 
the animals used in these experiments is such that in the intact rat there is 
a rapid shift from 2n to 4n predominance, the mitotic rate must be higher 
in the 2n class in order to allow this shift to take place; therefore, it maj”^ be 
that anj" deficiencies in the sjmthesis of RNA are brought into relief in this 
class. 

It must be emphasized once again that a description of the effect of a 
hormone on the reproductive and protein S5mthetic apparatus of the cell 
does not necessarily imply that the biochemical locus of action of the hor¬ 
mone is intimately related to effects described. However, if an understand¬ 
ing of the effect of growth hormone on cells is to be achieved, an attempt 
to relate the observations described herein to other known actions of the 
hormone is in order. 

Recently Noall, et al. (16) have made the intriguing suggestion that 
gronth hormone may have as its primary effect that of concentrative 
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transfer of amino acids intracellularly. Certainly, the lowering of blood 
amino acid nitrogen that occurs following the administration of growth 
hormone to the intact animal can be seen within a few minutes (17), In 
contrast, nucleic acid and protein changes of the type described in this re¬ 
port have not been seen as late as 12 hours after initiation of growth hor¬ 
mone treatment in the hypophysectomized rat (18). Since a number of 
investigators have suggested that amino acids play a catalytic role in the 
synthesis of RNA and possibly DNA as well (19, 20, 21) the amino acid 
concentrative transfer hypothesis becomes progressively more appealing. 
For, if one postulates that the nucleic acid syntlietic activities of cells (and, 
secondaril}'^, their mitotic activity) are to some extent controlled or regu¬ 
lated by the size of the intracellular free amino acid pool, the RNA and 
DNA effects of growth hormone we liave descidbed could easib" be second¬ 
ary to an effect of grow'th hormone on some cell membrane amino acid 
transfer process. The fact that food restriction has an inhibitory effect on 
RNA synthesis, protein synthesis and mitotic activity may be explained 
partly on the basis of diminished intracellular amino acid pool size and 
partly on that of a diminished availability of calories for the energetic re¬ 
quirements of synthetic reactions. 

EEFEBENCES 

1. Di Stefano, H. S., a. D. Bass, H. F. DiEnMciEn and J. Teppekman: Endocrinologn 
51:386. 1952. 

2. Di Stefano, H. S., H. F. Diermeiek and J. Tepperman: Endocrinology 57: 15S. 

1955. 

3. Di Stefano, H. S. and H. F. Diermeier: Proc. Soc. Exper. Biol, and Med. 92:590. 

1956. 

4. Kosterlitz, H. W. and I. D. Cramb: J. Physiol. 102:18P. 1943. 

5. Kosterlitz, H. W.: N’aturc 154: 207.1944. 

6. Bracket, J., R. Jeener, M. Rosseel and L. Thonet: Bull. Soc. Chim. Biol. 28: 
460. 1946. 

7. Lagerstedt, S.: Ada Anat. Sxippl.9: 1949. 

8. Thomson, R. Y., F. C. Heagy, W. C. Hutchison and J. N. Davidson: Biochan. 
J. 53:460. 1953. 

9. PoLLisTER, A. W. AND M. J. MosES: J. Gcii. Physiol. 32: 567. 1949. 

10. Stowell, R. C.: Stain Technol. 20: 45.1945. 

11. Swift, H.: Physiol. Zool. 23: 169. 1950. 

12. Flax, M. and A. W. Pollister: Anal. Rec. 105: 56. 1949. 

13. PoLLisTER, A. W.: RcP. d’/Jemai. 5:527,1950. 

14. Pollister, A. W. and H. Ris: Cold Spring Harbor Synip. Quant. Biol. 12:147.1947. 

15. Leslie, I.: Nucleic Acids, Vol. II. Academic Press Inc., New York, 1955. 

16. Noall, M. W., T. R. Riggs, L. M. Walker and H. N. Christensen: Science 126 : 
1002. 1957. 

17. Bartlett, P. D, and 0. H. Gabbler: J. Biol. Cheni. 179:985.1949. 

18. Di Stefano, H. S.: 1955. Unpublished. 

19. Pardee, A. B. AND L. S. pRESTiDGE:J’owr. Rack 71: 677.1956. 

20. Ycas, M. and G. Brawerman: Arch. Biochem. and Biophys. 68: 118. 195/. 

21. Gros, F. and F. Gros: Exper. Cell. Res. 14:104.1958. 



STUDIES ON THE EFFECT OF STORAGE ON THE 
PURITY OF SODIUM lODIDE-I^^” 

V. M. DOCTOR AND J. B. TRUNNELL 

Section of Experimental Medicine, the University of Texas M. D. Anderson 
Hospital and Tumor Institute, Houston, Texas 

ABSTRACT 

Solutions of NaP^‘ upon storage show the presence of several bands (usuall 3 '’ 
six inclusive of Nal‘“') when chromatographed one dimensionally in an ascend¬ 
ing technique with various solvent mixtures and radioautographed. The per¬ 
centage of radioactivity in the bands other than Nal"‘ increases rapidly upon 
storage at room temperature. Incubation of Nal*’* solutions under nitrogen for 
hours with 40 mg./ml. of cj'steine at pH 4 or pH 7 or 10 mg./ml. of Nal‘^^ or 
KP” at pH 7 converges the e.xtraneous bands into the Nal*®' band. Preliminarj'^ 
studies rule out the possibility that the bands other than NaP’^ are due to oxides 
of iodine or due to iodides other than Nal’^b Studies on the uptake of the 
NaP” or the major extraneous band bj' daj'^ old chick thj'roids indicate that 
20 % of the injected radioactivity of the e.xtraneous band is collected in the 
thyroid in contrast to the 60% uptake of NaP”. 

S ODIUM iodide-I‘®‘ (NaP^^) is widely used for thyroid metabolism 
studies. Taurog, Potter and Chaikoff reported (1) that radioiodide ob¬ 
tained from Oak Ridge shows faint extraneous bands upon chromatogra¬ 
phy and that addition of thiouracil, thiosulfate or sulfite eliminates their 
presence. Sodium iodide-I'^‘ which is used for clinical studies®, also shows 
several bands tvhen chromatographed one dimensionally in an ascending 
technique using several different solvent systems. The precentages of 
radioactivity in the bands other than Nal*®^ increases rapidly upon storage. 
The present stud}^ is concerned with the effect of storage on the purity of 
Nal^®' and with the factors influencing the conversion of the various ex¬ 
traneous components into Nal^®h Preliminary studies are reported on the 
nature of the bands other than Nal'®h 

METHODS 

Chromatography and Radioautography 

NaP^^ (Abbott Radio-Pharmaceuticals) after storage at room temperature for four 
weeks was spotted in 0.6 pc. amounts on Whatman No. 1 filter paper strips and developed 
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one dimensionall}" in an ascending technique using the following solvent mixtures; (A) 
n-Butanol saturated with 3N NH 3 OH; (B) n-Butanol;acetic acid;water: :78:5:17; (C) 
Wet collidine; (D) isoam 5 d alcohol saturated with 2N NH. 1 OH; (E) n-Butanol: dioxane :2N 
NH 40 H: 50 : 12 . 5 : 37 . 5 ; (F) Methanol:water; :70:30. After 20 hours, the strips were air 
dried and radioautograplied. The location of the Nal'^’ band on the radioautograms was 
determined l)y running control strips spotted with a solution of 0.5 mg. Nal'” and de¬ 
veloped under the same conditions. The Nal*'“^ band was detected by dipping the strip 
in a solution of ammoniacal silver nitrate. The various bands obtained after chromatog- 
raph 3 ’^ and radioautography of Nal'** solution using solvent A were cut out, eluted with 
50% ethanol and the radioactivity in each band was measured in a well counter. The per¬ 
centages of the radioactivity in the bands from the origin upwards were 29, 22 , 26, 32, 
4 and 8 % respective^. Since solvent A gave the best separation of the extraneous bands 
from NaP®h this solvent sj^stem was used throughout the present stud}^ 


Effect of Storage of on the Co7ivcrsion of into the Extraneous Bands 

Three separate batches of NaB’^ solutions which wore 2 , 4 and 7 weeks old were chro¬ 
matographed using solvent A and radioautographed. The results arc shown in Figure 2 . 
In a separate experiment, solutions of NaP^' were stored from 1 to 4 weeks under sterile 
conditions and also in a frozen state. 


Factors Affecting Conversion of the Extraneous Bands into NaV^^ 

Solutions of NaP’’ (4 weeks old) containing 40 mg./ml. of thioiiracil, cysteine, homo¬ 
cysteine, glutathione or ascorbate were incubated under nitrogen .at 37° C for TJ- hours. 
At the end of the incubation time an aliquot was spotted on Whatman No. 1 paper strips 
and cliromatographed witli solvent A and radioautographed. The results are shown in 
Figure 3, Glutathione and cj'steinc converge the extraneous bands into NaB^^ as shown 
in Figure 3. The effect of pH on the abilit.v of glutathione or cj’steine to converge the 
extraneous bands into Nal'’‘ was studied. The results are presented in Table 1. The re¬ 
covery of radioactivity of the extraneous bands converged into the NaP®' band following 
incubations with cysteine (pH 7) was determined. The effect of different levels of NaP” 
and KP^’ in converging the extraneous bands from NaP^' solutions into NaP” was also 
studied. 


Table 1. Effect of pH on the conversion of extraneous bands 

INTO Nal'^‘ BY CYSTEINE AND GLUTATHIONE 


Substances 

incubated* 

pH of the 
solutions 

Distribution of radioactivity 

% in bands 


1 

2 

3 

4 

5 

6 

NaP®‘ control 

4 

24 

16 

11 

47 

1 

1 


7 

24 

17 

11 

45 

2 

1 


10 

24 

17 

13 

44 

1 

1 

NaP’‘ -hej'steine 

4 

1 

0 

97 

0 

1 

1 


7 

1 

0 

98 

0 

1 

0 


10 

9 

1 

72 

18 

0 

0 

Nap5' -{-glutathione 

4 

1 

0 

99 

0 

0 

0 

7 


7 

5 

1 

85 

7 

1 



10 

11 

2 

61 

24 

1 

1 


* Solutions of Nal'^' (44 days old) containing 40 mg./ml. cysteine or the same .oq 
of reduced glutathione were adjusted to pH 4, 7 or 10 and incubated under nitrogcii a 
for ly hours. Aliquots containing 0.6 i<c. of incubated material were chromatograp * , 

solvent A, and radioautographed. The different bands were cut out, eluted and con 
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Studies on the Identity of the Extraneous Bands 

Chromatograms were run using solvent A on NaU^^ solutions or solutions of mixtures 
of Nal’-^ with ascorbate or bisulfite which were stored for 4 weeks. NaU^’ band was iden¬ 
tified by dipping the chromatograms in ammoniacal silver nitrate. The Rf. values of 
KU”, ZNR*”, Rbln'” and MgR^” with solvent A were found to be the same as that of 
NaP”. The Rf. values of sodium iodate, sodium meta-periodate and sodium periodate 
with solvent A were determined. Effect of autoclaving on NaU-^ or of x-irradiation 
( 2 , 0007 ) on NaP'*'^ solution with regard to the presence or absence of e.xtraneous bands 
was studied. 


RESULTS AND DISCUSSION 

The radioautographs of chromatograms of Nal*®^ solutions (4 weeks old) 
developed with the various solvent mixtures clearlj'^ indicate that upon 
storage, Nal*^^ solutions contain more than one band (Fig. 1). Solvents F 
and B do not resolve the different bands effectively but when developed 
vdth solvents A, C, D and E, Nal'®^ solutions separate into 5 or 6 bands. 
Of these, the band is number 3 solvent A, number 2 with solvent B, 

number 4 with solvent C, number 2 with solvent D, number 4 with solvent 
E and number 3 with solvent F. The rest of the bands are extraneous com¬ 
ponents, probably formed from Nal*^‘ on storage. The percentages of the 
total radioactivity in the six bands obtained by chromatographing NaF®' 
solutions with solvent A were 19% in band 1, 21% in band 2, 16% in band 
3 (Nar®^ band), 32% in band 4, 4% in band 5 and 8% in band 6 (Fig. 1, 
solvent A). Thus only 16% of the total radioactivity is in the Nal’®^ band 
while the rest is distributed among five other components. 

The results shown in Figure 2, in which Nal*®' solutions were stored 
at room temperature for different periods indicate clearl}’' an increase in 
the radioactivity of the extraneous bands on storage. This was also true 
of Nal^®^ solutions stored under sterile conditions or in a frozen state. 
Since Na'®* solutions are used extensivelj'' both clinically and for research 
purposes, it is extremely important to determine the identities and prop¬ 
erties of the various extraneous substances formed in solutions of Nali®b 
The NaP®‘ solutions which are freshlj'^ received or which are only a week 
old also contain a significant amount of radioactivity in band 4 as shown 
in Figure 2. 

Of the several reducing agents tested (thiouracil, cysteine, homocysteine, 
glutathione and ascorbate) for their ability to converge the extraneous 
bands into Nal*®‘, cysteine and glutathione gave the best conversion as 
shown in Figure 3. That this is true"“conversion” and not merely a dis¬ 
appearance of the extraneous substances was shown as follows: The radio¬ 
active substances making up the various bands both in the control strip 
and in the strip in which cysteine had converged the bands were eluted 
and counted. The radioactivitj" in the Nal*®^ band from the cj'^steine strip 
was 90% of the total counts of the individually eluted bands from the 
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Fig. 1 . Raclioautographs obtained from chromatograms of Nal‘’‘ solutions (4 weeks old) developed with the following solvent mi.xtures: 
(A) n-Butanol saturated with 3N NH-iOH; (B) n-Butanol:acetic acid: water: :7S:5; 17; (C) Wet collidine; (D) Isoam}’! alcohol saturated with 
2 N NHiOH; (E) n-Butanol;dio.xane; ;4:1 saturated with 2N NH|OH; (F) Methanol: water: :70:30. The NaP'’* bands are nos. 3, 2, 4, 2, 4, and 
3 from the origin with solvents A through F respectively. The percentages of the total radioactivity in the different bands obtained with 
solvent A arc as follows; bands 1 through 6 are 19, 21, 16, 32. 4 and 8% respectively. 
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459 


Na 

4 WEEKS OLD 


,131 


Na 

7 WEEKS OLD 




Fig. 2 . Effect of storage of NaP^‘ solutions on the conversion of NaP^' into extraneous 
bands. Strips 1, 2 and 3 represent radioautographs of chromatograms of NaP’’ solutions 
from batches which are 1, 4 and 7 weeks old respectivelJ^ The chromatograms were de¬ 
veloped using solvent A. 

control strip. The results of the study on the effect of pH on the ability of 
cysteine and glutathione to converge the extraneous bands into Nal^®‘ are 
presented in Table 1. Eleven to 13% of the total radioactivity of Nal^®^ 
solutions is present in the band, xvhile the remaining 87% is distrib¬ 

uted among 5 extraneous bands. Changes of pH’s do not influence the per¬ 
centage of the radioactivity in the Nal^^^ band in the control experiment. 
At pH 4, both glutathione and cj'steine are effective in converging the 
extraneous bands into Nal^^b However, at pH 7, cysteine is superior to 


Nal Nal + Nal + Nal + No I + Nal + 

4 WEEKS OLD THIOURACIL CYSTEINE HOMOCYSTEINE GLUTATHIONE ASCORBATE 
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Fig. 3. The effect of reducing agents on the conversion of extraneous bands into Nal*^'. Solutions of Nal'^‘ (4 weeks old) containing 40 
mg./inl, of thiouracil, cysteine, homocysteine;:glutathione and ascorbate wcic incubated under nitrogen at 37° C for 11 hours. An aliquot 
containing O.G ij.c. of the incubated material was chromatographed with solvent A and ladioautographed. 
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glutathione. On the other hand, at pH 10, both C 5 ^steine and glutathione 
are less effective than at pH 4 or at pH 7.0. Incubations of Nal^^i solutions 
with 10 mg./ml. of Nal^^' or at pH 7.0 for 1| hours also effectively 
converges the extraneous bands into Nal*“ band. 

Aqueous solutions of Nal*-' (1%) which have been stored at room tem¬ 
perature for 4 weeks still showed onlj'^ one Nal'-' jjand when chromato¬ 
graphed with solvent A. Addition of ascorbate or bisulfite to the Nal‘-^ 
(1%) solutions do not affect the Nal'” band. Iodides with different cations 
(K, Zn, Rb and h'lg) have the same Rf. value as the Nal'” band with 
solvent A. None of the extraneous bands observed in Nal'®' solutions have 
the same Rf. values with solvent A as those of sodium iodate, sodium 
metaperiodate or sodium periodate. Solutions of Nal'” (1%) which are 
autoclaved for 15 minutes at 120° C give only one Nal'®’ band when chro¬ 
matographed with solvent A. X-irradiation ( 2 , 0007 ) of a solution of Nal'®‘ 
does not increase the number or quantitj"^ of the extraneous bands. These 
studies rule out the possibility that the extraneous bands found in Nal'®' 
solutions are iodides with different cations or that the}" are oxides of iodine. 

Studies were conducted using day old chicks (New Hampshire males 
XSingle Comb White Leghorn females) to determine the uptake of Nal'®' 
or the major extraneous band (band 4, Fig. 1, Strip A) by the thyroid. 
Several microcuries of Nal'®' solutions (4 weeks old) were spotted on sheets 
of Whatman No. 1 filter paper and developed using solvent A and radio- 
autographed. The extraneous band (No. 4, Fig. 1, Strip A) and Nal*®' 
band were eluted from the chromatograms and evaporated under nitrogen 
to 10 juc./ml. concentration. Six chicks Avere injected in the breast muscle 
with 1 juc. each of the Nal*®' and three were given 1 juc. each of the extrane¬ 
ous band. At the end of 24 hours, the animals were killed b}" decapitation, 
the thyroids were removed and the collection of radioactivity b}" the thy¬ 
roids Avas determined using a AA'ell counter. The results indicate that the 
three chicks AAdiich received the extraneous band collected onlj" 20% of the 
injected radioactiAuty, while the six chicks injected Nal'®' collected on the 
aA"erage 60% of the injected dose. 

Reports of further studies of the biological properties of each band will 
appear in a separate communication. 
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NOTES AND COMMENTS 

THYROXINE EXCRETION INCREASE BY COLD EXPOSURE' 

ABSTRACT 

Rats were maintained in a cold room at 10° C for 11 days. After injection of 
potassium perchlorate and P’* thyroxine, excretory depletion rates of radiothyroxinc 
were measured for a 4 day period. During the first twenty-four hours, cold-exposed 
rats excreted twice as much fecal I”' as rats at room temperature. This suggests 
that the goitrogenic effect of cold may be related to thyroxine depletion by an in¬ 
creased rate of fecal excretion. 

Fecal iodine is predominantly organic iodine (1) derived from the tJijToid gland (2). 
Fecal excretion of thyroxine has been reported to be greater in rats fed a high con¬ 
centration of dietary bulk as compared to rats fed diets relatively low in bulk (3). This has 
been related to an interference with reabsorption of biliary thyroxine (3, 4). Reichlin (5) 
reported that starvation in rabbits decreased fecal I'®' thyroxine excretion which ac¬ 
companied decreased fecal volume. Since cold-exposure increases thyroxine requirement 
(6), thyroid size (7), and food consumption (8), it was reasoned that the increased fecal 
volume associated with the increase in food consumption may alter the loss of fecal thy¬ 
roxine in cold exposed animals. 


MKTHODS 

A group of albino rats was exposed to 10+0.5° C for 11 days, another group was kept 
at 22 ±1° C as controls. Purina dog chow (iodine content 1.4 jzg./gm.) was fed ad libitum. 
The control rats ate approximately 15 gm. of food per day and those at 10° C ate 25 gm. per 
day. This resulted in an iodine intake which was at least 10 times greater than the require¬ 
ment. Both groups were injected intrapcritoneally with 5 mg. potassium perchlorate solution. 
Thirty minutes later thej’' were similarly injected Avith P” i.-thyroxine“ (1.1 mE-, 2.3 fic. in 
.05 cc. of propjdene glycol). Potassium perchlorate (5 mg./day) was administered continu¬ 
ously in the diet for 4 days. The animals were kept in wire-bottom metabolism cages and 
daily excretion collected separatelj' for 4 days after th 3 Toxine injection. Thj’roids were 
blocked with potassium perchlorate in preference to other antithjToid agents because Van 
Arsdel has suggested (9) that propjdthiouracil increased fecal excretion of radiothyroxinc 
but perchlorate did not alter the metabolism of the hormone. After radiothjuoxine and per¬ 
chlorate injections, sjmthesis of endogenous thj'roxinc Avas minimized and the bodj' content 
of thjuoxine began to be depleted. Iodine reserves Avere measured (11) in plasma and thyroid 
of similar rats not administered potassium perchlorate and thj'roxine. 

Fecal has been shoAA'n to be predominantl.v thj’roxine after radiothyroxinc injection 
(1), therefore the rate of fecal excretion of measured the excretoiy depletion rates of 
thjuoxine from animals. 


RESULTS 

Table 1 shoAvs the iodine reserA’'es AA’cre similar in rats exposed to room temperature 
and the mildly cold en\uronment of 10° C. Table 2 shoAVS that during the first 24 hours, 
rats at 10° C excreted about tAvice as much fecal thyroxine as controls. After one day, the 
cold-exposed rats retained only 13% of the administered dose compared to 43% retention 
in the controls. Initial urinary radioiodide appeared to be greater in rats at 10° C but the 
large standard deviations preAmnted these urinary data from shoAving statistically signif¬ 
icant differences. Fecal excretion of thyroxine Avas not significantly different at the 
tAvo temperatures during the second day. The fecal and urinary I'^’ excreted during the 

■ ReceiA'ed August 26, 1958. 

' Supported in part b^"^ research grant from U. S. Atomic Energy Commission. 

^ Prepared by Abbott Laboratories. 
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Table 1. Iodin'e reserves of control rats exposed to 10° C and 22° C for 37 davs 

(IMct, Purina Dog CIioB’) 


No. of lats j 

Temp. 

Protein-bound 

iodine 

Th.vioid iodine 

Thj-ioid at. 




mg./lOO gra. 

i 

1 

° C 

t‘3-% 

MS. 

1 

body wt. 

8 

10° 

4.7 

13.1 

7 9 

8 

22° 

5.6 

14.4 

7.5 


third day after injection was significantly greater in the eontrol group. This reversal of 
radioiodine e.vcretion is probably due to the relatively large initial retention in the con¬ 
trol group. Since the cold-exposed rats lost the greatest percentage of the dose the first 
daj’, less radiothjTOxine was available for subsequent excretion in the cold as compared 
to the amount available for excretion in the controls. Accumulative fecal radiotlijwo.xine 
during the 4-day e.xperimental period was 59.7% at 10“ C and 45.9% at 22° C (p<.02). 
The data indicate that after 90 hours both groups have lost only slightly different 
amounts of organic iodine in the feces, but the animals exposed to 10° C lost it more 
rapidl 3 '. The effectiveness of thjwoid blockade bj’ pcrcblorate was shown bj'’ hj^pertrophi^ 
of the glands within 96 hrs. Among these animals the cold-exposed rats developed larger 
thjToids (IS.7 mg./lOOgm. bod 3 - wt.) than the rats at 22° C (11.7 mg./lOO mg. bod 3 ' wt.). 


Table 2. E.xcretion of I‘^' after intrapebitoneal injection of I’” tiit’ro.xine; 
RATS exposed TO 10° C AND 22° C 

(Th 3 'roids blocked with KClOj) 


No 

of 

rats 


Temp 

Excreta collection periods 
(hours after thyro'cme in)ection) 

Plasma P** 
after 96 hrs 

Carcass 
after 96 hrs. 

0-24 1 

24-48 

1 48-96 

% of (liyro\inc dose 


grams 

"C 

feces 

urine 

feces 

urine 

fecc'J 

unne 

% dose/cc 

% dose 

s 

198 

lO" 

47 

40 

10 6 

7 7 

2 1 

1 5 

01 

0 7 

Standard DcMation 

±17 5 

±12 5 

+ 74 

±37 

+ 1 4 

± 8 

± 005 

± 38 

7 

200 

22° 

24 5 

32 

13 9 

14 

mm 


05 

3 1 

Standard DcMation 

±3 S 

+ 51 

±21 

± 11 

± 48 

±1 1 

± 018 

± 60 

p* 

< 02 

o 

.8 

< 005 

< 001 

< 001 

< 001 

< 001 


* p values from Fisher’s t-test (10) applied to differences betueen means at 10® C and 22® C 


DISCUSSION 

Rats exposed to 10° C for 11 da 3 ^s and then injected with radioth 3 woxine excreted 1“' 
in the feces at a faster rate than controls at 22° C. This mild cold e.vposure was not goitro¬ 
genic in rats maintained on a high iodine intake. Thus, the increased th 3 Woxine excretion 
occurring at 10° C can be adequately replenished b 3 ’' a high iodine diet. Animals on a 
lower iodine intake ma 3 ' not be able to replace this rapid thyroxine Joss. Increased fecal 
th 3 'roxine excretion in the cold should increase th 3 'roxine requirements and thereb 3 ' ma 3 ’' 
be a major cause of the increased incidence of goiter in animals exposed to moderate cold. 
We consider that any factor which increases dietar 3 f intake and fecal volume might 
increase fecal th3'T0.xine e.xcretion. 

Alfred Intoccia and L. Van Middlesworth 

Division of Physiology 
University of Tennessee 
Memphis S, Tennessee 
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THE ANTI-ANDROGENIC ACTIVITY OF A PHENANTHRENE 
DERIVATIVE IN THE CHICK* 

ABSTRACT 

2-Apetyl-7-oxo-l,2,3,4,4a,4b,5,6,7,9,10,10a-dodecaliydrophenanthrene when in- 
uncted directlj' on the chick’s comb inhibits the stimulating effect of injected 
testosterone. 

Anti-androgenic agents may be evaluated by direct inunction on the chick’s comb 
stimulated by testosterone incorporated into the diet (1). This communication reports 
the anti-androgenic activity of a nonsteroidal compound, 2-acetyl-7-oxo-l,2,3,4,4a,4b, 
5,6,7,9,10,10a-dodecahydrophenanthrene (Ro-2-7239) by a modification of this assay 
procedure and confirms the anti-androgenic activiU' reported for this compound in the 
castrated rat b}^ Randall and Selitto (2). 


method 

Two-day old White Leghorn cockerels were injected subcutaneously with 0.5 mg. of testos¬ 
terone enanthate contained in 0.5 ml. of sesame oil. On the same day and for the following 
six consecutive days the test compound dissolved in 0.05 ml. of sesame oil was inuncted on the 
comb once daily. One day after the last inunction the chicks were sacrificed and body weights 
and comb weights were determined. The results are expressed as comb ratios, defined as mg. 
of comb per gram of body weight. 

RESULTS AND CONCLUSIONS 

Norethisterone (1) (19-Nor-17-ethynyltestosterone) in amounts of 0.5 to 1.0 mg. sig¬ 
nificantly inhibited the stimulating effect of injected testosterone (Table 1). Table 2 il¬ 
lustrates the fact that Ro-2-7239 was approximatelj"^ as active as norethisterone in in¬ 
hibiting the action of testosterone. The mean comb ratios of groups of untreated chicks 
varied between 0.33 + 0.011 and 0.38 + 0.017. Thus the maximum inhibitory effects of 
norethisterone and Ro-2-7239 were 60% and 44% respectively. Ro-2-7239 does not ap- 

* This investigation was supported in part by Research Grant Cy-2193, Division of 
Research Grants and Fellowships, National Institutes of Health, U. S. Public Health 
Service. 

Received October 25,1958. 
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Table 1. The anti-androgenic activity of norethisterone 


(All chicks received a stimiilatiriK dose of 
0.5 mg. of testosterone enanthate) 


Test 

Material 

Total dose, 

No. of 

Mean comb ratio 

No. 

inuncted 

nig. 

chicks 

± S.E. 

1 

0 

0 

44 

0.93±0.029 


Norethisterone 

0.25 

37 

0.77+0.028 



0.50 

35 

0.73+0.025 



1.00 

35 

0.71 ±0.030 

2 

0 

0 

25 

1.02+0.055 


Norethisterone 

0.25 

20 

0.76 ±0.035 



0.5 

20 

0.77±0.048 



1.0 

20 

0.G4±0.025 

3 

0 

0 

29 

1.23±0.072 


Norethisterone 

0.25 

30 

1.18±0.0G6 



0.5 

30 

0.80 + 0.042 



1.0 

30 

0.74+0.031 


Table 2. The anti-androgenic activity of Ro-2-7239 

COMPARED TO NORETHISTERONE 

Test 

No. 

Materi.al 

inuncted 

Total dose, 
mg. 

No. of 
chicks 

Mean comb ratio 
+ S.E. 

4 

0 

0 

24 

1.08 + 0.068 


Norethisterone 

0.25 

22 

0.93+0.041 



0.5 

21 

0.92 + 0.043 



1.0 

23 

0.85±0.041 


Ro-2-7239 

0.1 

17 

0.97+0.034 



0.2 

17 

0.92 + 0.042 



0.4 

17 

0.81 +0.042 



1.6 

13 

0.73+0.055 



5.0 

12 

0.74±0.03G 

5 

0 

0 

28 

0.81 ±0.037 


Norethisterone 

0.25 

23 

0.67+0.027 



0.50 

23 

0.65+0.031 



1.00 

24 

0.67±0.027 


Ro-2-7239 

0.1 

19 

0.66+0.069 



0.4 

20 

0.63+0.025 



0.8 

20 

0.61 ±0.044 

6 

0 

0 

19 

1.02+0.035 


Norethisterone 

0.25 

18 

0.92+0.049 



1.00 

18 

0.70±0.049 


Ro-2-7239 

0.25 

20 

0.69+0.050 



1.00 

20 

0.74+0.031 


pear to have any other hormonal effects (2) and in this sense is comparable to other non¬ 
steroidal anti-androgens including methylcholanthrene (3) and 20-methyl-A5-Dreenene- 
3/3,20-diol (4). 
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INHIBITION OF THYROXINE ACTION BY 3,3',5'-TRIIODOTHYRONINE‘ 

ABSTRACT 

L-Thyroxine injected in doses of 10-20 A<gm./kg./d. for 2-3 weeks into thyroidec- 
tomized rats maintained the BMR at about 20% above the hypometabolic level, dl- 
3,3',5'-Triiodothyronine completely reversed the effect when used at 2 mg./kg./d. 

The increased oxygen consumption of tissues removed from thyroxine-injected 
hypothyroid animals could also be depressed by the concomitant injection of 3,3',5'- 
triiodothjTonine. 

3,3',5'-Triiodoth3'ronine (3,3',5'-Trit) has been encountered in the th 5 ’^roid gland (1) 
and blood (2) of I‘’‘-injected experimental animals. In contrast to its 3,5,3'-isomer, this 
compound has been found to produce less than 0.5% of the metabolism-stimulating 
effect of thyroxine (3). Since 3,5,3'-Trit is some four times as active as thyroxine, the 
3,3',5'-Trit can be considered inactive. Therefore it was thought of interest to evaluate 
its action in inhibiting the metabolic effect of thj^roxine, particularlj'^ in view of the ear¬ 
lier report b}'’ Cortell (4) that 2',6'-diiodoth3’Tonine possessed thj'ro.xine-inhibiting 
properties. 


METHODS 

Thju'oidectomized Sprague-Dawle 3 ’' rats wei'e used, at least two months after operation. 
For studies on the BMR of the whole animal, post-absorptive rats on a special feeding 
regime (5) were trained to the chamber of an apparatus similar to that described b}"^ Watts 
and Gourle}' (6). After a series of satisfactor 3 ' control determinations, selected animals were 
started on L-th 3 ^roxine“ injected daily subcutaneously at 10 or 20 tig ./ kg . When the elevated 
BMR values became stabilized, usuall}’’ after 3 weeks, the animals were given 3,3',5'-Trit’ 
subcutaneously in addition to th.yroxine. The level of depressed metabolism was established 
for several da\'s and the 3,3',5'-Trit withdrawn, leaving the animals on th 3 Uoxme alone. 

The tissue slice studies emplo 3 md conventional Warburg ox 3 ’’gen consumption measure¬ 
ments on representative organs (liver, kidne}^ salivar 3 '- glands, diaphragm, and heart) excised 
from thyroidectomized rats which had been injected for four days with one of the following: 
blank, th 3 woxine (0.25 mg./kg./d.), or thsTOxine plus var 3 dng amounts of 3,3',5'-Trit, (10 
or 20 mg./kg./d.). 

Received November 5, 1958. 

* This investigation was supported by research grant A-1545 from the Institute for 
Arthritis and Metabolic Diseases, U. S. Public Health Service. 

^ L-Thyroxine was furnished by Dr. H. L. Pevold of the Travenol Division, Baxter 
Laboratories. 

® 3,3',5'-Triiodoth3''ronine was provided b 3 ’^ Drs. R. I. Meltzer and R. L. Kroc of t le 
Warner-Chilcott Laboratories. 
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RESULTS 

Figure 1 charts the time course of BMR response of a group of 3 tlp’roidectomized 
rats. Eacii point represents tlie mean oxygen consumption of the 3 animals under the 
treatment shown. The horizontal lines show the average value over the time limit indi¬ 
cated. For instance, line #1 indicates the control BMR at 88.9 ml. O:/100 gm. body 
wt /hr over the span of 7 days; line #2 at lOS.S ml. 0., representing the plateau of re¬ 
sponse to 10 pgin. of thyroxine. When 2 mg. of 3,3',5'-Trit was superimposed, the meta¬ 
bolic rate decreased to line 86.2 ml. O 2 after 4 days. Upon cessation of 3,3',5'-Trit, the 
BMR returned in the next 20 da 3 'S to line #4, 108.5 ml. O 2 . A second course of 3,3 ,5 - 


BMR ml. Ogy^OOgm. wl.y/ hr. 



Thyroxins 

1 

3,3',5-TRIT 

E mg. 

P 

1 

3.3;5’-TRIT 

E mg. 

Bjii]. 10 Jig. 





Fig. 1. Response of o.x 3 'gen consumption of th 3 'roidectoinized rats to th 3 'roxine and 
3 ,3',5'-triiodoth3'ronine. The horizontal lines represent averages over the time periods 
indicated. The doses shown for th 3 TO.\'ine and 3,3',5'-Trit are mg./kg./d. 

Trit gave similar results. After withdrawal of the dail 3 ^ thyroxine, the BMR returned to 
its starting level after 2 weeks. 

Results from this group of animals indicate a 100% inhibition of th 3 Woxine mainte¬ 
nance of metabolism at a molar ratio of 200:1 for DL-3,3',5'-Trit:L-th3'ro.\'ine. Another 
group of 2 animals studied through one course of 3,3',5'-Trit responded with a 93% in¬ 
hibition at a molar ratio of 100:1. 

The effects of 3,3',5'-Trit on the tissue metabolism from rats injected with a larger 
dose of thyroxine are shown in Figure 2. Each value represents the average of 5 tissues, 
liver, kidne 3 ', salivar 3 >- glands, diaphragm, and heart from 2 or 3 animals. Using blank- 
injected rats as controls, injections of 0.25 mg. of th 3 moxine per kg. for 4 da 3 's gave a 
22.9% increase in tissue o.x 3 ^gen consumption. When 10 mg./kg. of 3,3',5'-Trit was in¬ 
jected simultaneoush' along with the th 3 ’^roxine, the increase of tissue o.\- 3 'gen consump¬ 
tion was 18.7%, while the increase was onl 3 '- 7.4% in rats receiving 20 mg. 3,3',5'-Trit per 
kg. in a similar fashion. 

The results from tissue studies indicate a 9.6% inhibition of thyroxine effect at a 
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% of Control Metabolism 



DL-3,3',5'—Trit; L-Thyroxine 


V/'/X Metabolic Rate Measured 
I I Depressian of Metobolism 


Fig. 2. Summated tissue oxygen consumption of hypothyroid rats treated with 
thjrroxine alone or combined with 3,3',5'-triiodothyronine. Tlij^roxine dosage 0.25 mg. 
/kg./d., 3,3',5'-Trit at molar ratios of 40 or 80. 


molar ratio of 40:1 for DL-3,3',5'-Trit: n-thyroxine and a 67.6% inhibition at a molar 
ratio of 80:1. 


DISCUSSION 

It is apparent that DL-3,3',5'-Trit in an amount 80 to 100 times that of L-thyroxine is 
able to interfere Muth the metabolic effects of the hormone. In all experiments the in- 
hibitorj" effect was titrated against exogenous thj’roxine in completely thyroidectomized 
animals. Consequently, the applicability of our findings to the therapy of euthyroid or 
hyperthyroid states seems highly questionable. Preliminary evaluation in athyreotic 
patients maintained on desiccated th 3 -roid, th^TOxine or Trit shows a considerable de¬ 
pression of BMR, but no effect in euthj'roid subjects (personal communication from 
Dr.S. R.Hill). 

C. S. Pittman and S. B. Bahkeu 

University of Alabama Medical Center 
Birmingham S, Alabama 
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ANNOUNCEMENTS 

ENDOCRINOLOGY STUDY SECTION 
The Endocrinology Study Section, National Institutes of Health, 
announces that it is prepared to distribute, free of charge to qualified in¬ 
vestigators, limited amounts of purified sheep pituitary follicle-stimulating 
hormone. The preparation has been packaged in two forms. 1) vials con¬ 
taining 5 mg. for use only as a Standard in assay procedures; 2) vials con¬ 
taining 25 mg., for experimental use. The preparation is a sterile, lyophil- 
ized powder, free or nearly fi'ee of other hormonal activities. Detailed 
specifications will be distributed Avith each sample. 

Application for supplies, either of the Standard or of the experimental 
lots, should be made by letter to Dr. R. T. Hill, Executive Secretary, 
Endocrinology Study Section, National Institutes of Health, Bethesda 14, 
Maryland. The letter should state brieflj'- an outline of the intended work 
and an estimate of the amount needed. Applications will be screened by a 
subcommittee and allotments aauII be made according to the estimates of 
merit of the intended work. 

The preparation and distribution of FSH is supported by funds granted 
b}" several Institutes of the National Institutes of Health. The program is 
supervised b}'- a subcommittee consisting of Drs. Warren 0. Nelson, 
Roj'- W. Hertz, Robert W. Bates, R. T. Hill, and Alfred E. Wilhelmi, 
Chairman. The hormone preparation Avas made at Emory University 
under the immediate direction of Dr. Stanle}'’ Ellis. 

1959 LAURENTIAN HORMONE CONFERENCE 
The 1959 Laurentian Hormone Conference of the AAAS aauII be held at 
Mont Tremblant Lodge, Mont Tremblant, Quebec, during the period 
August 30-September 4. InA^estigators interested in attending this Confer¬ 
ence should make application to the Committee on Arrangements of the 
Laurentian Hormone Conference, 222 Maple Avenue, ShreAA^sbury, Massa¬ 
chusetts, at an early date and in an3’^ CA'^ent no later than Ma}'' 11, 1959. A 
conference rate of $13.00 per daj'^ per person is extended to all invited 
participants. Since the number of our participants is necessarily limited 
bj" aA'^ailable accommodations, all applications are screened and inAutations 
to attend are issued by the Committee on Arrangements b}'- June 12. The 
following program has been arranged. 

LAURENTIAN HORMONE CONFERENCE, INC. 

Mont Tremblant Lodge 
August 30-Sept. 4, 1959 
I. Mechanism op Hormone Action 
Participation of steroid hormones in the enzjraatic transfer of hydrogen. 
Paul Talalay and H. G. Williams-Ashman, The Ben hlay Laboratory, 
Universit}'^ of Chicago 

Sunday evening, August SO 
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An enzymatic basis for the physiologic function of estrogens. 

Claude A. Villee and Dwain D. Hagerman, Harvard University Medical 
School, Boston 

Sunday evening, August 30 

Effects of steroid hormones on some coenzyme mediated enzymatic reac¬ 
tions. 

Lewis L. Engel and Jesse F. Scott, John Collins Warren Laboratories of 
the Huntington Memorial Hospital of Harvard University, Massa¬ 
chusetts General Hospital, and Departments of Biological Chem¬ 
istry and Anatomy, Harvard Medical School 
Monday morning, August 31 

The mechanism of action of some estrogenic hormones on metabolism. 

Kenneth W. McKerns, Edwin Kaleita and Paul H. Bell, Lederle Labora¬ 
tories, American Cyanamid Company, Pearl River, New York 
Holiday morning, August 31 

The role of cyclic adenylic acid in hormone action. 

Robert C. Haynes Jr., E. W. Sutherland, Jr., and T. W. Rail, Western 
Reserve University School of Medicine, Cleveland 
Monday morning, August 81 

Cell permeabilit}'- and hormone action. 

0. Hechter and G. Lester, Worcester Foundation for Experimental 
Biologj^, Slirewsbur}^ Massachusetts 

Monday evening, August 31 

II. Peptide Hormones 

The immunological assay of human pituitary growth hormone. 

Charles H. Read and George T. Biyan, State Universitj'- of Iowa, Uni¬ 
versity Hospital, Iowa City 

Tuesday morning, September 1 

Studies on erjdhropoetin. 

W. F. White, Clifford W. Gurney and Eugene Goldwasser, Armour and 
Co. and Argonne Cancer Research Hospital, Chicago 
Tuesday morning, September 1 

Hormonal activity of active polypeptides. 

Hector Croxatto and Livio Barnafi, Catholic Universit}^, Santiago, Chile 

Tuesday evening, September 1 

III. Thyroid Hormones 

Studies on the chemistry and bioassay of thyrotropin from bovine pitui- 
taries and transplantable pituitary tumors of mice. 
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Robert W. Bates and Peter G. Condliffe, National Institutes of Health, 
Bethesda 

Wednesday morning, September 2 

The transport of thyroid hormone and its relation to its metabolic fate. 
Sidne.y Ingbar, Thorndike Memorial Laboratory, The Boston City Hos¬ 
pital, Boston 

Wednesday mor7iing, September 2 

Re-evaluation of some concepts of iodine metabolism. 

L. Van Middlesworth, The University of Tennessee, Memphis, Tennes¬ 
see 

Thursday morning, September S 

IV. Hormones and Metabolism 
Food and temperature. 

John R. Brobeck, University of Penns 3 dvania School of Medicine, 
Philadelphia 

Thursday morning, September S 

Influence of hormones on adipose tissue as a center of fat transport. 

H, E, Wertheimer, The Hebrew Universitj'^—Hadassah Medical School, 
Jerusalem, Israel 

Thursday evening, September S 

Hormonal control of protein and fat metabolism in the pancreatectomized 
rat. 

Robert 0. Scow and Sidne}'^ S. Chernick, National Institutes of Health, 
Bethesda 

Friday morning, September 4 

Hormonal regulation of hepatic carbohj’'drate metabolism. 

J. Ashmore, Indiana University Medical Center, Indianapolis, Indiana ; 
George Cahill, Jr., New England Deaconess Hospital, Boston; and 
A. Baird Hastings, Scrips Metabolic Clinic La Jolla, California 
Friday morning, September 4 

THE AMERICAN GOITER ASSOCIATION 

The 1959 meeting of the American Goiter Association will be held in the 
Drake Hotel, Chicago, Illinois, April 30, Ma}’^ 1 and 2. The program for the 
three day meeting will consist of papers and discussion dealing with the 
th 5 a-oid gland, its phj’^siolog}^, pharmacolog}^ pathology and therapy. 

Secretary 

John C. McClintock, M.D. 
149| Washington Ave. 

Albany 10, New York 
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STEROID BIOCHEMISTRY 

The fourth session of the Training Program for Steroid Biochemistry 
sponsored by the XT. S. Public Health Service will begin October 1. Ap¬ 
plications are invited at the postdoctoral level for a one-year tenure with a 
stipend of ^5500. The Program consists of lectures, planned laboratory, and 
eight months of research at the Worcester Foundation for Experimental 
Biology and Clark University or the University of Utah. Inquiries should 
be addressed to William R. Nes, Department of Chemistry, Clark Uni¬ 
versity, Worcester, Massachusetts, or to Kristen Eik-Nes, College of 
Medicine, University of Utah, Salt Lake City. A predoctoral program also 
will be carried out in Worcester with stipends of -SISOO for six months. All 
applications must be received pzior to June 1. 


THE MYASTHENIA GRAVIS FOUNDATION, INC. 

THE SECOND INTERNATIONAL SYMPOSIUM 
ON MYASTHENIA GRAVIS 

Held Under the Joint Auspices of 

THE MYASTHENIA GRAVIS FOUNDATION, INC. 

155 East 23rd Street 
New York 10, N. Y. 

and 

TPIE NATIONAL INSTITUTE OF NEUROLOGICAL 
DISEASES AND BLINDNESS 
Bethesda 14, Maryland 

April 18 and 19, 1959 

Los Angeles, California 
The Statler-Hilton Hotel 

This Conference will afford the 57 speakers from all of Western Europe, 
Canada, Soviet Russia and the United States an opportunity to present 
their current work, discuss mutual problems and enlist suggestions, thereby 
preventing duplication of efforts. 
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INHIBITION OF PITUITARY ACTH RELEASE: 

AN EXTRA-ADRENAL ACTION OF 
EXOGENOUS ACTH» 
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ABSTRACT 

Pituitar 5 ' ACTH concentration is approximately doubled after administra¬ 
tion of ACTH for one week to adrcnalectomized rats, in confirmation of previ¬ 
ous studies in intact animals. Attempts to determine the mechanism responsible 
for this extra-adrenal effect of exogenous ACTH yielded the following results: 
Pre-treatment with ACTH inhibits the pituitar.y ACTH depletion observed 
in adrcnalectomized rats after application of a scalding stress. Similarly, ACTH 
pre-treatment blocks the fall in adrenal ascorbic acid obtained in intact control 
rats after the stress of ether anesthesia. The data are compatible with the 
hj^pothesis that the increase in pituitary ACTH concentration produced by 
exogenous ACTH is due to inhibition of endogenous ACTH release by the 
pituitary gland. The possibility that stimulation of ACTH synthesis or pitui¬ 
tary adsorption of exogenous ACTH ma}' also occur after administration of 
ACTH cannot be excluded. 

P REVIOUS studies (1) demonstrated that daily administration of 
ACTH gel to intact rats for one week resulted in a rise of 95% in 
pituitary ACTH concentration, whereas the administration of cortisone 
under identical conditions produced a 60% fall. Since the only commonly 
accepted effect of ACTH is stimulation of the adrenal cortex, ACTH ad¬ 
ministration might reasonabl}'' be expected to cause pituitary ACTH de- 
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pletion similar to that obtained with cortisone, rather than the increase 
in pituitary ACTH actually observed. The present study was undertaken 
to determine the mechanism of this unexpected action of injected ACTH. 

METHODS 

All experiments were performed in male rats of the Sherman strain, 90-140 gm., kept 
in a constant temperature room for at least one week prior to use. Diet consisted of 
Purina laboratory chow and water ad libitum. Control animals received physiological 
saline injected subcutaneous^ once daily. ACTH-treated animals received a long-acting 
ACTH preparation, either ACTH gel or Zinc ACTH, 4 or 6 U.S.P. units, injected sub¬ 
cutaneously once daily. Adrenalcctomized rats were given their first injection immedi¬ 
ately after operation and were maintained with supplementary 1% saline in the drinking 
water. Scalding served as a severe stress and consisted of immersion to the neck in water 
at 70° C. for 5 seconds under ether anesthesia. Ether anesthesia alone was used as a mild 
stress and was administered under the standardized conditions described by Wells et al. 
(2). Adrenal ascorbic acid levels were determined bj" the method of Mindlin and 
Butler (3). 

The pituitary glands of the experimental animals were extracted for ACTH according 
to the method of Birmingham et al. (4). These extracts were subsequently assayed for 
ACTH either singly or in pools by incubation with rat adrenal slices in intro by a modi¬ 
fication of the technique of Saffran and Schally (5) previously described (I).-* Individual 
pituitary extracts from ACTH gel-treated rats in the first experiment were assayed once 
each against randomly selected extracts from saline-treated rats. Pooled pituitary ex¬ 
tracts in the second and third experiments were assayed 2 to 5 times each against their 
appropriate controls. Pituitary ACTH concentrations in the various experimental groups 
are expressed, therefore, as per cents of their respective control concentrations. The data 
were calculated in the form of concentration of ACTH per mg. anterior pituitary tissue; 
however, values for the total ACTH content of the individual pituitary glands or pools 
did not differ from those presented for concentration. Statistical calculations were per¬ 
formed according to the methods of Bliss (7). The values presented in the various tables 
are mean potenc}" ratios with their approximate standard errors (Antilog ilf ±2.303 sjf 
Antilog M ). Statistii^ comparisons were based on the mean log potency ratios and their 
log standard errors (M ±sm). The number of replicate assays performed is noted in each 
table when indicated, as is the number of degrees of freedom (DF) for error available 
for statistical comparisons. The technique of bioassaj’^ of ACTH as employed permitted 
discrimination of differences in ACTH potencies as statistically significant when in ex¬ 
cess of approximately 20%. 


KESHLTS 

Experiment 1. The effect of ACTH pre-treatment on pituitaiy ACTH 
concentration in the absence of the adrenal glands was determined b}" 

Recently, Roberts (6) has questioned the specificity of the response of rat adrenal 
slices in vitro to ACTH. His conclusion of non-specificity was based on the observation 
that plasma obtained from hypophysectomized rats, as well as intact and adrenalecto- 
mized animals, stimulated corticosteroid release in vitro. Similar studies in this laboratorj 
revealed that a small increment in corticosteroid release from adrenal slices occurre 
following the addition of plasma. However, this effect was constant and unrelated to 
the quantity of plasma added, i.e., a dose-response relationship could not be demon¬ 
strated. It should be noted that the amounts of plasma employed to produce sue 1 an 
increment represent quantities 2000-6000 fold greater bj^ weight than the amounts 0 
pituitary tissue actually used in the in vitro bioassay of ACTH. 
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administration of either saline (control) or 4 U.S.P. units of ACTH gel 
for 7 days to adrenalectomized rats. Both groups were sacrificed 24 hours 
after the last injection. A significant increase in pituitary ACTH concen¬ 
tration to 192% of the control level was observed in the rats given ACTH 
gel (Table 1). This rise is consistent with that previously obtained in 
intact rats (1). 


Table 1. Effect of exogenous ACTH on pituitary ACTH concentration in 

ADRENALECTOMIZED HATS 


Treatment 

No. of rats 

Pituitary ACTH as 
% control level* 

P 

Saline control 

9 

100 


ACTH gel 

9 

192 ±40 

<.02 

* Antilog M ±2.303 s;j 

(Antilog M). 




Experiment Changes in pituitar}'’ ACTH concentration following 
ACTH administration in adrenalectomized rats were studied in greater 
detail after the injection of 4 U.S.P. units of ACTH gel daily for 8 days. 
Groups of 4 animals each were sacrificed immediately after the last injec¬ 
tion (control) and at 2, 4, 6 and 24 hours thereafter. No change in pituitary 
ACTH concentration was obtained at 2, 4 or 6 hours after the last injec¬ 
tion of ACTH in comparison to the control level (Table 2). A suggestive, 
but not statistically significant, decrease in pituitary ACTH was ob¬ 
served at the 2-hour interval. On the other hand, a significant increment 
above the control level was found 24 hours after the last injection of 
ACTH; this increase is equally significant when compared to the potencies 
obtained at the 2, 4 or 6 hour intervals. However, the possibility of a 
gradual accretion in pituitary ACTH prior to the sixth hour cannot be 
excluded entirely owing to the relative imprecision of the assay technique. 

Experiment S. The effects of pre-treatment with ACTH on pituitary 
ACTH concentration after the application of the severe stress of scalding 
Avere studied in 7 groups of adrenalectomized rats. Groups 1-3 were giAmn 
saline daily and served as controls, AA'hereas Groups 4 and 6 AA’^ere given 
4 U.S.P. units of Zinc ACTH daily and Groups 5 and 7 AA'-ere giAmn 6 
U.S.P. units of ACTH gel daily. Each group Avas randomly divided into 


Table 2. Changes in pituitary ACTH concentration in unstressed adrenal¬ 
ectomized HATS INJECTED WITH ACTH 


Antilog M + 2.303 ss (Antilog M). 


Time after last 
ACTH injection No. 
(hours) 

of rats 

Pituitary ACTH as 
% control level* 

P 

No. of 
assays 

DF 

0 

4 

100 




2 

4 

81 ±15 

n.s. 

2 

16 

4 

4 

93±18 

n.B. 

2 

16 

C 

4 

102 ±12 

n.s. 

5 

29 

24 

4 

148 ±20 

<.01 

3 

16 
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unstressed and stressed subgroups after 8 injections had been adminis¬ 
tered. The scalding stress was applied to Groups 1-5 two hours after the 
last injection and both the unstressed and stressed subgroups were sacri¬ 
ficed simultaneously 4 hours after stress. The same procedure was applied 
to Groups 6 and 7 twenty-four hours after the last injection of ACTH. 

Scalding produced consistent and significant depletions in pituitary 
ACTH concentration in the saline-treated controls (Groups 1-3) to be¬ 
tween 67 and 72% of the respective unstressed levels (Table 3) with a 
mean of 70%. On the other hand, application of the identical stress to 
rats 2 hours after the last injection of Zinc ACTH (Group 4) resulted in a 


Table 3. Effects of exogenous ACTH on pituitary ACTH concentration after 

SCALDING STRESS IN ADRENALECTOXIIZED RATS 


Group 

Treatment 

No. of rats 
Stressed 
Unstressed 

Pituitary ACTH 
as % unstressed 
level* 

P 

No. of 
assay's 

DF 

1 

Saline 

C/5 

72 ±10 

< .05 

3 

3G 

2 

Saline 

G/5 

72+6 

<.01 

3 

24 

3 

Saline 

3/4 

G7±10 

< .01 

4 

20 


6 Hours After 






4 

Zinc ACl'H 

G/5 

122 ±10 

< .05 

3 

24 

5 

ACTH gel 

3/4 

88±11 

n.s. 

4 

31 


24 Hours After 






6 

Zinc ACTH 

3/3 

80 ±11 

n.s. 

3 

24 

7 

ACTH gel 

4/3 

84 ±20 

n.s. 

3 

28 


* Antilog M +2.303 (Antilog ilf). 


significant rise in pituitary ACTH concentration to 122% of the unstressed 
level—an effect which differs strikinglj’’ from the stress-induced pituitary 
ACTH depletion observed in saline-treated animals (P<.01). Rats pre¬ 
treated with ACTH gel (Group 5) and scalded 2 hours after the last injec¬ 
tion showed a pituitary ACTH concentration of 88% of the unstressed 
level, a difference which is not statistically significant. The possibility re¬ 
mains that a relatively small fall in pituitary ACTH may have occurred 
within the limits of discrimination of the assa}'^ technique. However, the 
post-stress potency is significantly higher than that obtained after stress 
in the saline-treated controls (P <.05). Groups 6 and 7, stressed 24 hours 
after the last injection of Zinc ACTH or ACTH gel respectively, also 
showed no significant difference betAveen unstressed and stressed pituitary 
ACTH concentrations. HoAvever, the post-stress values do not differ signi¬ 
ficantly from those obtained in the saline-treated controls (Groups 1-3). 

Experiment 4. The effects of ACTH pre-treatment on pituitary ACTPI 
release after a mild stress AA^as studied in intact rats after injection of eithei 
saline or 4 U.S.P. units of Zinc ACTH daily for 3 days. TAventj'^-four houis 
after the last injection, each group of animals AA^as diAuded into unstressec 
and stressed subgroups and the latter subjected to ether anesthesia undei 
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standardized conditions. One iiour later all the animals wei'e sacrificed. 
The stress of ether anesthesia produced a significant fall of 30% in adrenal 
ascorbic acid in intact control animals given saline (Table 4). On the other 
hand, no change in adrenal ascorbic acid was observed after stress in rats 
pre-treated with Zinc ACTH. To determine whether adrenal responsive¬ 
ness to ACTH remained intact after pre-treatment with Zinc ACTH, 
hj"poph 3 'sectomized rats were similarl 3 ' pre-treated with Zinc ACTH for 3 
da 3 ’s starting 24 hours after operation. Twent 3 '-four hours after the last 
injection, the left adrenal gland was removed under Nembutal anesthesia 
and 4 milliunits of aqueous ACTH injected intravenous^". One hour later 


Table 4. Effect of exogenou.s ACTH on adubnal ascoubic acid 

AFTER ETHER STRESS IN INTACT RATS 


Treatment 

Subgroup 

No. of 
rats 

Adrenal ascorbic 
acid (mg./lOO 
gm.)* 

P 

Saline 

Control 

10 

441 ±20 






< .001 


Stressed 

10 

310±17 


Zinc ACTH 

Control 

9 

410+22 






n,s. 


Stressed 

10 

413 + 18 


H.vpophvsectoniA' 

Control (Loft Adrenal) 

5 

321 ±14 


and 




<.001 

Zinc ACTH 

ACTH (i.v.) (Right Adrenal) 

5 

221 ± 7 



* Mean±Standard Error of the Mean. 


the right adrenal gland was remoA’-ed. A 31% depletion of adrenal as¬ 
corbic acid resulted after ACTH injection, suggesting normal adrenal 
responsiA'-eness. 

DISCUSSION 

The finding that ACTH administration produced a rise in pituitary 
ACTH concentration in adrenaiectomized rats comparable to that ob¬ 
served previous^ in intact rats indicates that this effect of exogenous 
ACTH does not require mediation by the adrenal gland. A further increase 
in pituitary ACTH concentration was observed during the 24-hour period 
following the eighth dail 3 " injection of ACTH. The major portion of this 
rise occurred betAveen the sixth and tAvent3"-fourth hours Avith no apparent 
change in pituitar 3 " ACTH concentration prior to the sixth hour. 

Three iD'potheses ma 3 " be invoked to explain these data. An increased 
blood level of ACTH may 1) result in non-specific ACTH adsorption by 
the pituitary gland; 2) stimulate ACTH synthesis; or 3) inhibit endogenous 
ACTH release Avith accumulation of normally S 3 mthesized hormone. 

The last h3'pothesis was selected for further investigation. A scalding 
stress produced definite pituitary ACTH depletion in control animals. 
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Pre-treatment with ACTPI modified this effect when stress was applied 2 
hours after the last injection. An absolute rise rather than a fall in pitui¬ 
tary ACTH was observed after scalding in rats given Zinc ACTH. Pitui¬ 
tary ACTH concentration in rats pre-treated with ACTH gel after stress 
was higher than that observed in stressed control animals. Conclusions 
concerning these findings are subject to several considerations. Pituitary 
ACTH concentration at any moment is a measurement of a dynamic 
balance between the rate of ACTH sjmthesis and the rate of ACTH re¬ 
lease; a change in concentration represents, therefore, a shift in this 
balance and not a direct measurement of either process alone. Thus, a 
fall (or negative balance) in pituitary ACTH concentration, such as that 
obtained after scalding in control animals, indicates that more ACTH Avas 
Avas released than synthesized from the time of stress to the time of sacrifice 
in response to the stressful stimulus. The degree of depletion measured is 
only a minimal estimate of the total quantity of ACTH actually released 
since ncAvly sjmthesized ACTH may haAm been stored and/or released con¬ 
currently. On the other hand, pre-treatment Avith ACTH resulted in vaiy- 
ing degrees of positive ACTH balance after scalding. Less ACTH Avas re¬ 
leased than Avas synthesized and stored in stressed rats pre-treated Avith 
Zinc ACTH. The balance observed after stress in rats given ACTH gel 
Avas equivocal but AA^as also more positiA^e than that obtained in stressed 
control animals. Inhibition of pituitaiy ACTH release by exogenous ACTH 
Avith retention of neAvly synthesized hormone is suggested by these findings. 
Apparently, Zinc ACTH produced more complete inhibition of ACTH re¬ 
lease than did ACTH gel. This observation perhaps may be explained by 
differences in the rates of absorption of the tAvo preparations from sites of 
injection. Neither pituitary adsorption of exogenous ACTH nor accel¬ 
erated synthesis of ACTH as a result of ACTH administration alone are 
applicable as explanations because 1) ACTH administration in the absence 
of stress did not increase pituitary ACTH concentration during the first 6 
hours after the last injection—the period in AA'hich study of the effects of 
stress Avere completed; and 2) either ACTH adsorption or accelerated 
synthesis of ACTH, if present, should haA^e affected the unstressed and 
stressed subgroups equallj’’ and are excluded, therefore, by the experimental 
design itself. An alternative explanation of the data Avould require the neAV 
hypothesis that ACTH pre-treatment resulted in acceleration of sjmthesis 
of ACTH (or increased pituitary adsorption of exogenous ACTH) only in 
the presence of stress but had no such effect in the absence of stress. Of 
course, this hypothesis does not explain the rise in pituitaiy ACTH ob¬ 
tained after ACTH pre-treatment in unstressed animals (Expts. 1 and 2). 
Significant inhibition of ACTH release as a result of pre-treatment AAnth 
either preparation of ACTH Avas not demonstrated Avhen the severe stress 
of scalding Avas applied 24 hours after the last injection. 
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A specific test of the inhibitory effect of pre-treatment Avith ACTH on 
pituitary ACTH release 24 hours after the last injection was performed 
with the milder stress of ether anesthesia. Since measurements of pituitary 
ACTH concentration before and after stress permit only indirect evalua¬ 
tion of the amount of ACTH released, alterations in adrenal ascorbic acid 
were employed as a more direct index of endogenous ACTH release. The 
data indicate that inhibition of pituitary ACTH release was present 24 
hours after the last injection of Zinc ACTH and are in agreement with the 
previous findings. Since administration of various adrenal steroids may 
also result in inhibition of ACTH release (S), the effects of exogenous 
ACTH obtained in intact rats might conceivably be explained by the ac¬ 
tion of steroids secreted as a result of ACTH stimulation. However, the 
dose of corticosterone, the major corticoid hormone of rat adrenal glands, 
required to block ACTH release after stress apparently exceeds that 
amount maximally produced bj^ the rat (9). 

The administration of a long-acting ACTH preparation results in a 
significant rise in pituitar}'^ ACTH concentration in the adrenalectomized 
as well as the intact rat. The data presented support the hypothesis that 
this increase in ACTH concentration is due to inhibition of endogenous 
ACTH release from the pituitary gland. The findings neither support nor 
specifically refute the possibility that adsorption of exogenous ACTH or 
stimulation of ACTH synthesis may also occur. No conclusion may be 
made concerning the locus of this extra-adrenal action of ACTH, such as 
the pituitary gland itself or higher centers in the hypothalamus. Further¬ 
more, since relatively large doses of ACTH were employed, these findings 
may well represent a pharmacologic rather than a physiologic effect of 
ACTH. 

ADDENDUM 

Since this paper AA'as submitted for publication, Hodges and Vernikos 
{Nature 182; 725, 1958) have reported that less ACTH was discharged in 
response to ether stress as blood ACTH concentration increased folloAving 
adrenalectomy in rats. These findings represent additional evidence in 
support of the hypothesis that pituitary ACTH release is regulated by the 
circulating level of ACTH. 
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ABSTRACT 

Different substances known to occur in hj-pothalamic nuclei and neurones 
were studied as ACTH relcasers (adrenal ascorbic acid depletion method) in 
normal rats, in hypopbvsectomized rats, in hypopliysectomized rats bearing 
a functional pituitary graft in the anterior chamber of the eye, and in rats in 
which the ACTH discharge following non-specific stimuli had been blocked by 
administration of 9-alpha-fluoro-h}-drocortisone. 

Adrenaline, noradrenaline, acetylcholine, histamine, serotonin, Pitressin, 

’ Pitocin, lysine-vasopressin and synthetic oxytocin were found highly effective 
in normal animals; Euler’s substance P did not produce adrenal ascorbic acid 
depletion in normal rats. 

Acetylcholine, histamine, serotonin, Pitocin, sjmthetic o.xytocin and adrenal¬ 
ine were ineffective when tested in the hypophysectomized-grafted animals; 
only Pitressin gave a significant fall in adrenal ascorbic acid concentration when 
directly applied to the grafted pituitary gland. 

In the steroid-blocked rats Pitressin, Pitocin and h-sine-vasopressin were 
active as ACTH releasers when given through intravenous injections; the 
intracarotid injection of small doses of Pitressin was also active in the blocked 
rats; the other stressors were inhibited after steroid administration. 

These results are discussed in connection with the hypothesis that posterior 
pituitar}" principles could play a role in the ph 3 'siological regulation of ACTH 
output. 

T he view that h 3 fpoph 3 ^seal portal vessels regulate anterior pituitar 3 ’^ 
function b 3 ’^ transmitting a h 3 ^pothalamic humoral substance, has re¬ 
ceived support from the results of several anatomical and physiological 
studies. In confirmation of earlier observations on amphibians and rats 
(1, 2) Worthington (3) has recentl 3 '^ shown that blood in the portal vessels 
of the mouse fion^s from the capillaries in the median eminence to the 
sinusoids of the pars distalis; moreover Landsmeer (4), Jewell (5) and 
Daniel et al. (6) have recent^’- demonstrated in dogs that the blood reach¬ 
ing the neuroh 3 fpoph 3 "sis via the posterior lobe arteiy, ma 3 ^ readiL*- flow 
into the anterior lobe through an additional S 3 ’'stem of anastomoses. 

Several suggestions have been put forward as to the nature of the postu¬ 
lated h3'^pothalamic neuro-humor; adrenergic substances (7), histamine 
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(8), serotonin (9), substance P (10), lipoid or lipoprotein present in hypo¬ 
thalamic extracts (11), etc. 

In recent years attention was drawn to a possible relationship between 
the antidiuretic hormone (ADH) of the posterior pituitary system and 
ACTH secretion. This hypothesis is supported Iry the following evidence; 
a) extracts containing the antidiuretic activity of the posterior lobe are 
effective in inducing ACTH release in normal animals (12, 13, 14, 15), in 
hypophysectomized animals bearing a functional pituitary graft in the an¬ 
terior chamber of the eye (16), and in rats with hypothalamic lesions which 
block the response to non-specific stimuli (17); b) a defect in ACTH re¬ 
lease is correlated with diabetes insipidus in rats with h 3 ^pothalamic lesions 
(17); c) the neurosecretoiy material stored in the neurohypophysis and 
containing ADH may be depleted b 3 '^ noxious stimuli which also induce 
ACTH release (18, 19); d) ADH and ACTH are discharged simultaneously 
after the exposure to stressful stimuli (20) and after the administration of 
several drugs (21, 22). 

It seemed of interest to re-investigate in vivo the effect of different sub¬ 
stances, known to occur in h 3 ^pothalamic nuclei and neurones (10, 23, 24, 
25), on ACTH release, using normal rats, h 3 ^pophysectomized rats, h 3 ^po- 
physectomized rats bearing a functional pituitary graft in the anterior 
chamber of the e 3 "e, and rats in which the ACTH discharge following non¬ 
specific stimuli had been blocked b 3 '' previous administration of adrenocor¬ 
tical steroids. 

MATERIALS AND METHODS 

Male rats of the Sprague-Dawlej- strain, weighing 150-200 gm., Avere used throughout 
these experiments. All animals were kept at a constant room temperature of 26-28° C.; 
thej^ were given a 5% glucose solution to drink and maintained on a stock diet. The 
ACTH-releasing effect of adrenaline-HCl, noradrenaline-HCl, acet 3 dcholine-HCl, hista¬ 
mine acid phosphate, serotonin creatine-sulphate, substance P,“ commercial, purified and 
sjmthetic antidiuretic and oxjTocic hormones (Pitressin, Pitocin, Sjmtocinon and tysine- 
vasopressin^) was studied in normal, hj’-poplysectomized, hj'pophj’^sectomized-grafted 
and corticoid-blocked rats. The ACTH-releasing effect of the different drugs was 
evaluated bj'^ means of adrenal ascorbic acid depletion (26). 

Normal rats received the different drugs intraperitoneallj'-, the control group being 
injected with NaCl 0.9% solution. The h.ypophj^sectomized rats were prepared b}' the 
parapharjaigeal approach and used in the ascorbic acid depletion test 24 hours later. 
The hypoph^'sectomized-grafted rats were prepared according to a procedure previously 
described (16) and used 1 month after grafting. The study of the modifications induced 
bj^ pituitarj' transplantation on endocrine glands weight and morphologj' forms the sub¬ 
ject of separate communications (16, 27); it is worth anticipating that the adrenal weight 


2 Two samples of substance P were obtained through the courtesy of Professor 
Gaddum (horse gut, 13.5 u./mg.) and of Professor Von Euler (cow gut, 100 u./mg.). 

3 Pitressin, Lot #31846 and Pitocin, Lot #209050 were kindly supplied by Dr. D. A. 
McGinty of Parke, Davis and Co.; Syntocinon was kindly supplied by Dr. A. Cerl^ti 
of Sandoz Ltd., Basle; lysine-Amsopressin was obtained through the courtesy of r. 
G. A. Overbeek of N. V. Organon, Oss. 
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of the grafted animals was found lower than in intact controls, although much higher than 
in complete hypophysectomized animals. In the grafted rats the different drugs, dis¬ 
solved in 0.1 cc. of saline, were directly injected into the anterior chamber of the graft- 
containing eye. 

The hydrocortisone inhibited rat has been recently proposed for the study of hypo- 
physiotropic substances, because of its failure to react with ascorbic acid depletion to 
unilateral adrenalectomy (28). Casentini el al. (29) reported that several other natural 
or synthetic steroid which exhibit adrenocortical activity block ACTH discharge after 
ether anesthesia and unilateral adrenalectomy, 9-alpha-fluoro-hydrocortisone proved to 
be 10 times as potent as hydrocortisone; this steroid was chosen for the e.xperiments of 
the present paper. The steroid was administered intraperitoneall}' as a suspension in 0.3 
cc. of an aqueous sj'stem of 0.9% NaCl; 0.4% Tween SO; 0.5% carbo.xymethjdcellulose; 
0.9% benz}'! alcohol; the steroid inhibited rats were used in the ascorbic acid depletion 
test 4-6 hours after the injection of the blocking agent. In these rats, as well as in the 
hypophysectomized ones, the different drugs were usually given intravenously; in some 
e.xperiments the blocked-rats received intracarotid injections. In hypophysectomized, in 
hypophysectomized-grafted and in steroid-blocked rats, right adrenalectomy was per¬ 
formed under ether anesthesia, to obtain a control level of ascorbic acid; the test-drug 
was administered immediatelj" thereafter. 

All animals were killed b}- decapitation 1.5 hours after treatment and the left adrenal 
was immediately removed. Adrenal glands were rapidly dissected free of fat and weighed 
on a torsion balance; their content of ascorbic acid was then estimated by the method 
of Roe ef al. (30). 

At the time of the autopsy the sella turcica of the hypophysectomized and hypophy¬ 
sectomized-grafted rats was e.xamined with a magnifying glass for hypophj’seal frag¬ 
ments, completeness of hj-pophysectomy being later confirmed by microscopic examina¬ 
tion of serial sections through the sellar region. 

The significance of the differences between the means obtained was calculated by 
Student’s “t” test. 


RESULTS 

Normal rats 

Confirming earlier observations the intraperitoneal injection of adrenal¬ 
ine (31), noradrenaline (32), acetylcholine (22), histamine (32), serotonin 
(9), Pitressin (13), Pitocin (13) was followed by a highlj’^ significant fall in 
adrenal ascorbic acid concentration (P <0.001) in normal animals (Table 
1); Ij'sine-vasopressin and synthetic oxytocin also showed marked ACTH 
releasing activity in normal rats (Table 1). Two different samples of sub¬ 
stance P were complete!}" ineffective in the ascorbic acid depletion test 
(Table 1); this last result differs from Swingle et al. (33). 

Hypophysectomized rats 

Pitressin, Pitocin and lysine-vasopressin were tested in hypophysec¬ 
tomized rats in order to exclude the possibility of contamination with 
ACTH. 

Table 2 shows that Pitressin, Pitocin and lysine-vasopressin, at the dose 
administered, do not induce significant ascorbic acid depletion in hy¬ 
pophysectomized rats. 
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Table 1. Adrenal ascorbic acid depletion produced 
BY various stimuli IN NORMAL RATS 


Treatment 


No. of 
rats 


Adrenal ascorbic 
acid concentration 
(mg./lOO gm. 
adrenal) Mean 
±S.E.* 


Ascorbic acid ' 
depletion from 
controls (mg./ 
100 gm. adrenal) 


P 

(Fisher’s 

table) 


NaCl 0.9% i.p.t 26 

Adrenaline 0.05 mg.i.p. 6 

Noradrenaline 0.05 mg.i.p. 11 

Acetylcholine 0.20 mg.i.p. 10 

Histamine 0.20 mg.i.p. 18 

Serotonin 0.05 mg.i.p. G 

Substance P (horse) 10 u.i.p. 6 

Substance P (cow) 10 u.i.p. 6 

Pitressin 0.3 u.i.p. 12 

Pitocin 0.3 u.i.p. 23 

Lysine-Vasopressin 0.3 u.i.p. 18 

Sjmthetic oxytocin 0.3 u.i.p. 23 


411 + 8 

304 ±46 

-107 

<0.001 

307 ±14 

-101 

<0.001 

331 ±13 

- 80 

<0.001 

345 ± 7 

- 66 

<0.001 

299 +42 

-112 

<0.001 

427 ±43 

+ 16 


436+28 

4- 25 


302 ± 14 

-109 

<0.001 

358 + 12 

- 53 

<0.001 

311± 8 

-100 

<0.001 

358 + 16 

- 53 

<0.005 


* S.E. = standard Error of the mean, 
t i.p. =intraperitoncally. 

Table 2. Adrenal ascorbic acid depletion produced by pitressin, pitocin and 
lysine-vasopressin in iiypopiiysectomized rats 

Treatment 

No. of rats 

Adrenal ascorliic 
acid depletion 
(mg./lOO gm. adrenal) 
Mean ± S.E.* 

P 

(Fisher’s table) 

Unilateral adrenalectomv plus 
NaCl 0.9% i.v.t 

Pitro.ssin 0.3 u. i.v. 

6 

4-56 ±12 

4-16±36 


Pitocin 0.3 u. i.v. 

6 

-35±17 

>0.20 

Lysine-vasopressin 0.3 u. i.v. 

5 

4-11+12 



* S.E. == Standard Error of the mean, 
t i.v. = intravenously. 


Hypophyseclomized-graflcd rais 

After severance of the pituitary stalk and transplantation of the pitui¬ 
tary to a distant site in the body, the rat no longer responds with adrenal 
ascorbic acid depletion to the stress of ether anesthesia and unilateral 
adrenalectomy (Table 3); in the grafted rats acetylcholine, histamine, 
serotonin, Pitocin and synthetic oxytocin wei-e complete].y ineffective as 
ACTH-releasers, when injected into the anterior chamber of the graft- 
containing eye. 

Adrenaline gave a positive response in one rat, a result which cannot be 
considered as significant. 

Among the drugs tested only Pitressin gave a significant fall (P <0.005) 
in adrenal ascorbic acid concentration, when directly applied to the grafted 
pituitary gland. 

Steroid blocked rafs 

A. Intravenous injections. The sensitivity of the steroid inhibited rat to 
stressful stimuli and to ACTH administration has not been fully evalu¬ 
ated so far. To make certain that the site of the blocking action of the 
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Table 3. AoBEiVAL ascorbic acid debletion pbodoced by various stimuli in 

IIYI’OPHYSECTOMIZED-r.RAFTED HATS: LOCAL ADMINISTRATION TO THE GRAFT- 

CONTAINING EYE 


Treatment 

No. of r.ats 

Adrenal ascorbic 
acid depletion 
(mg./lOO gm. adrenal) 
Mean +S.E.* 

P 

(Fisher’s table) 

Unilateral adrenalectomy phis 
NaCl 0.9% 

6 

+59 ±12 


Adrenaline 0.005 mg. 

4 

-27 ±29 

N.S. 

Acetvlcholine 0.03 mg. 

10 

+ 6±11 


Histamine 0.05 mg. 

5 

+34 ± 15 


Serotonin 0.005 mg. 

5 

+37±15 


Pitressin 0.01 u. 

G 

-5G±11 

<0.005 

Pitocin 0.01 u. 

G 

-15±13 

N.S. 

Synthetic oxytocin 0.01 u. 

G 

- 1 ±20 



* S.E. =Standard Error of the mean. 


steroid was not at the adrenal level, the adrenal ascorbic acid response of 
9-alpha-fluoro-hydrocortisone blocked rats to different intravenous dos¬ 
ages of ACTH was examined. 

Figure 1 shows that in blocked rats a linear log-dose relationship can be 
obtained with doses of ACTH ranging from 1 mu. to 16 mu. per rat; the 
ACTH-sensitivitjf of the steroid-blocked rats appears to be similar to that 
of normal animals but less than that of hypophj'sectomized animals (34). 

When testing the different drugs in the 9-alpha-fluoro-hydrocortisone 
inhibited rats (Table 4) it became apparent that many stressors were com¬ 
pletely ineffective as ACTH releasing agents. Only Pitressin, Pitocin and 
lysine-vasopressin could overcome the blockade, but only in the case of 
Pitressin and l 3 ^sine-vasopressin the degree of significance was similar to 
that obtained in the normal animals. 



Fig 1. Adrenal ascorbic acid depletion induced b}’ intravenous injections of 
ACTH in 9-alpha-fluorohydrocortisone blocked rats. 
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Table 4. Adrenal ascorbic acid depletion produced by various stimuli in rats 
BLOCKED by 9-ALPIIA-FLUOROHYDROCORTISONE (0.9 MG./lOO g.b.w.) 


Treatment No. of rats 


Unilateral adrenalectomy 6 

Unilateral adrenalectom}’ plus 

NaCl 0.9% i.v.t 0 

Adrenaline 0.05 mg.i.v. 6 

Noradrenaline 0.05 mg.i.v. G 

Acetylcholine 0.20 mg.i.v. 12 

Histamine 0.20 mg.i.v. G 

Serotonin 0.05 mg.i.v. 9 

Substance P (horse) 10 u.i.v. G 

Substance P (cow) 10 u.i.v. IG 

Pitressin 0.3 u.i.v. 19 

Pitocin 0.3 u.i.v. 10 

Lysine-vasopressin 0.3 u.i.v, 18 

Synthetic oxytocin 0.3 u.i.v. 7 


Adrenal ascorbic 
acid depletion P 

(mg./lOO gm. adrenal) (Fisher’s table) 
Mean+S.E.* 


+29 + 1G 

+ 18+ 7 
- 4 + 17 
+31 +14 
-3G+22 

>0.1 

-25+15 

>0.1 

-27 + 19 

>0.1 

+28 + 15 
+ 19+23 
-70 + 12 

<0.001 

-41 ±17 

<0.05 

-78±11 

<0.001 

-27+29 

>0.30 


* S.E. = Standard Error of the mean, 
t i.v. = intravenously. 


B. Intracarotid injections. An objection against ADH as the possible 
physiological ACTH-stimulating substance was raised bj’ the fact that 
rather high dosages of the hormone are usually required to elicit significant 
adrenal ascorbic acid depletions. 

It seemed of interest to study whether the injection of Pitressin into the 
carotid blood, bringing the stimulating substance directly to the adeno¬ 
hypophysis, could allow a reduction of the amounts to be injected. 

Table 5 shows that intracarotid injections of small doses of Pitressin are 
still active in the blocked rats; neither Pitocin nor sjmthetic oxytocin were 
active when given in small amounts bj’ intracarotid injections in the 
blocked animals. 

Figure 2 shows that Pitressin gives a linear log-dose relationship in doses 
ranging from 6 mu. (0.1 jug-) to 24 mu. (0.4 jug.) when given through 
intracarotid injections in 9-alpha-fluoro-hydrocortisone inhibited rats. 


Table 5. Adrenal ascorbic acid depletion produced in 9-ALPiiA-rLuoRO-HYDRO- 

CORTISONE BLOCKED RATS BY INTRACAROTID IN.IECTIONS OF PITRESSIN, PITOCIN 

AND SYNTHETIC OXYTOCIN 


Treatment 

No. of rats 

Adrenal ascorbic 
acid depiction 
(mg./lOO gm. adrenal) 
Mean +S.E.* 

P 

(Fisher’s table) 

Unilateral adrenalectomy plus 
NaCl 0.9% i.c.t 

10 

- 3+19 

<0.025 

Pitressin 0.012 u.i.c. 

9 

-87 ±30 

Pitocin 0.012 u.i.c. 

4 

+ 16±2G 

>0.20 

Synthetic oxytocin 0.012 u.i.c. 

5 

-15+38 


* S.E. = Standard Error of the mean, 
t i.c. =intraearotid injection. 
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Fig. 2. ACTH releasing activit}" of intracarotid injections of Pitressin in 9-alplia- 
fluorohydrocortisone blocked rats. Pitressin = 60 n./mg. 

DISCUSSION 

Cheng et al. (35), McDermott et al. (36), Fortier (37) iiad shown in rats 
that adrenaline and histamine may induce ACTH release by the trans¬ 
planted pituitary; similarly Hume (38) and Fortier et al. (39) observed in 
stalk-sectioned dogs and rabbits normal eosinopenic responses to adrena¬ 
line. In contradiction with these results our own observations seem to in¬ 
dicate that adrenaline and histamine (as well as acetylcholine and sero¬ 
tonin) induce ACTH release not through a direct action on hypophyseal 
glandular cells but probablj" through a nervous mechanism. This hy¬ 
pothesis is supported by man}" recent observations: Hume (40), Porter (41) 
and McCann (42) reported that hypothalamic lesions prevent the eosino- 
penia and the adrenal ascorbic acid depletion induced by adrenaline, his¬ 
tamine and Pitocin; Oiling et al. (43), Weils et al. (44), Sevy et al. (45) and 
Van Peenen et al. (46) observed that certain nervous depressants (mor¬ 
phine, reserpine, chlorpromazine, etc.) inhibit the hypersecretion of ACTH 
in response to histamine, adrenaline and noradrenaline; Porter (41) and 
Nakayama (47) found electrical activation of hypothalamic nuclei after 
giving adrenaline and histamine; Schally et al. (48) and Gullemin et al. 
(49) found histamine, noradrenaline and synthetic oxytocin inactive in 
stimulating ACTH release from pituitaries incubated in vitro. An hypo¬ 
thalamic site of action for adrenaline and acetylcholine is also suggested by 
the studies on the mechanism of the antidiuretic action of these drugs 
( 21 , 22 ). _ 

The ability of Pitressin to discharge ACTH when applied to the graft- 
containing eye is in agreement with an earlier observation (16) and shows 
that Pitressin directly acts on hypophyseal glandular cells; a similar con- 
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elusion was reached by McCann (42) working in hypothalamic-lesioued 
animals, and by Sevy ci al. (45) working in chlorpromazine-inhibited rats. 
Sayers’ observation (50) that sections through the brain stem at the upper 
level of the pons abolish the pituitary response to Pitressin is contradicted 
by the ACTH releasing activity shown by Pitressin when directly injected 
into the grafted pituitary. 

The ability of steroids with adrenocortical activity to suppress the re¬ 
lease of ACTH after unilateral adrenalectomy is in agreement with the 
results and conclusions of various Avorkers (see 29 for references). Some re¬ 
cent results seem to suggest that adrenocortical steroids block ACTH 
secretion by acting upon nervous structures: in agreement with this hy¬ 
pothesis Courrier ei al. (51) reported that labeled cortisone is concentrated 
in vivo by hypothalamic and posterior pituitary tissues; on the other hand 
McCann (42) Fulford ct al. (52) and Ganong ci al. (53) reported that the 
adrenal ascorbic acid response to unilateral adrenalectomy as well as the 
compensatoiy adrenal hypertroph.y Avhieh normally follows unilateral 
adrenalectomy are suppressed by hypothalamic or stalk lesions. In con¬ 
tradiction to these results Fortier ei al. (39) recently reported that stalk 
section in rabbits exerts little effect on the adrenal ascorbic acid depletion 
folloAving unilateral adrenalectomy. 

The experiments presented here provide two pieces of evidence of the 
fact that adrenal steroids normally act at some site proximal to the pitui- 
taiy: 1) in the hypophysectomized grafted animals unilateral adrenalec- 
tom}’’ was not followed b}' adrenal ascorbic acid fall in the remaining ad¬ 
renal; 2) in agreement with previous observations (42, 54, 55, 56) Pitressin 
(the onl}^ agent which exhibited a direct stimulating activit}^ on hypo- 
ph 5 ^seal glandular cells Avhen tested in the grafted animals) Avas found able 
to overcome the steroid blockade. 

The results obtained injecting Pitressin into the carotid artery of corti- 
coid-blocked rats seem to indicate that the pituitar}'’ is A'^eiy sensitive to 
this stimulus; they also rule out the possibility of a direct action of Pitressin 
at the leA'^el of the adrenal cortex (57). 

The ACTH-sensitiAut}^ of the 9-alpha-fluoroh3"drocortisone treated nor¬ 
mal rats AA^as found similar to that of untreated normal controls; this re¬ 
sult, as Avell as Hodges’ observations (58) in the DCA-treated normal rats, 
seems to rule out the possibility of a block of ACTH acthuty at the ad¬ 
renal leAml; tAvo recent reports (34, 59) deal Avith the reduced ACTH sen¬ 
sitivity of h 3 ^pophj"sectomized corticoid-treated animals. 

A feAv results had alread 3 '^ shoAvn that the corticoid-blocked rats no 
longer respond to histamine (54, 55, 60) and adrenaline (56, 61, 62). The 
results here presented extend these inAmstigations and shoAv that in the 9- 
alpha-fluoro-h 3 ^drocortisone inhibited rats the ACTH releasing activity 
of noradrenaline, acetylcholine and serotonin is also blocked; this ast 
result Avas recently confirmed (56). 



April, 1959 CONTROL OF ACTH RELEASE 491 

The 9 -aIpha-fluoro-h 5 'drocortisone blocked rats, because of their specific 
response to posterior pituitary preparations (Pitressin, 13 '^sine-vasopressin 
and Pitocin), proved to be very useful for testing the ACTH releasing 
activity of hypophj'siotrophic hypothalamic substances; the steroid blocked 
rats could also be employed in substitution of hj^ophysectomized animals 
in the biological assay of ACTH. 

Our experiments though suggesting that a neurohumoral substance 
which stimulates the release of ACTH by acting directly at the hypo- 
phj’^sial level is present in posth 3 ^poph 3 '^sial extracts do not identif 3 " it 
specifically; in particular they do not exclude the possibility that the ef¬ 
fect observed after the administration of Pitressin and purified lysine- 
vasopressin could be due not to ADH itself but to a contaminant with 
specific ACTH releasing properties (CRF) as suggested by Saffran’s (63) 
and Guillemin’s in vitro experiments (49) ;■* it should however be pointed 
out that it has recentl 3 ^ been demonstrated that S 3 mthetic 13 'sine-vaso- 
pressin also has an ACTH stimulating aetivit 3 ' both in vitro and in vivo 
(65, 66 , 67). 

Evidence is now accumulating showing that posterior pituitary prin¬ 
ciples ma 3 ’- pla 3 " a role in the release of other pituitary trophic hormones, 
such as TSH ( 68 , 69), STH (70), gonadotrophic hormones (71) and pro¬ 
lactin (72). 
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THE ADRENOTROPIC ACTION OF HUMAN 
PREGNANCY PLASMA' 


JONATHAN T. LANMAN, and JENNY DINERSTEIN 

Bellevue Medical Center, New York University, New York, N.Y. 

ABSTRACT 

Jailer and coworkers have reported that the plasma of pregnant women con¬ 
tained an adrenotropin which was distinct from ACTH; they showed that 
treatment of freshly hypophysectomized rats with pregnancj' plasma partially 
prevented adrenal involution. We have found evidence suggesting that the 
adrenotropic action of pregnancy plasma is attributable to its content of chori¬ 
onic gonadotropin. The gonadotropin appears not to act directly on the rat 
adrenal; instead it stimulates the interstitial cells of the testis, and their steroid 
secretorj'^ product in turn acts on the adrenal to produce a partial maintenance 
of adrenal weight. 

J AILER and coworkers ( 1 ) have reported that plasma from pregnant 
women and from patients with Cushing’s disease associated with 
adrenal hyperplasia contained an adrenotropic factor which was distinct 
from ACTH. This material partially prevented adrenal weight loss in 
hypophysectomized rats, but did not cause ascorbic acid depletion. We 
wondered whether the adrenotropic action of pregnane}^ plasma might be 
related to its content of chorionic gonadotropin (CG) and have made stud¬ 
ies with this in mind. Our findings lead us to believe that CG in preg¬ 
nancy plasma is responsible for the partial weight maintenance of the 
adrenal glands in hypophj'sectomized rats. However, CG does not act 
directly on the adrenal gland. It stimulates the interstitial cells of the 
testis in the h3'poph3’sectomized rats and the steroid secretoiy product of 
these cells then acts on the adrenals to produce a partial weight mainte¬ 
nance. 

METHODS 

Adrenotropic action was tested in individually caged male Sprague-Dawley rats 
hypophysectomized on the 40th day of life. Animals were obtained from the Hormone 
Bioassay Laboratories, Chicago, except where noted. Hypophysectomized female rats, 
intact male rats, and hypophysectomized, gonadectomized male rats were used as indi¬ 
cated in certain experiments. Injections of test material were begun on the 41st day and 
given subcutaneously in a volume of 0.3 cc. three times daily for 8 days (once daily for 
testosterone propionate in sesame oil). The rats were then killed by ether anesthesia 
and the two adrenals dissected and weighed together. In some cases testicular anc 
adrenal tissues were fixed in 10% formalin for histological section. There were 6-10 indi- 
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vidually caged animals in each treatment group. In these and in tlie other animal experi¬ 
ments mentioned subsequently, animals were assigned to treatment groups by random 
numbers, and the data were collected without knowledge of the treatment involved. 

Chorionic gonadotropin was assayed by the rat ovarian hyperemia method as de¬ 
scribed by Albert and Berkson (2). One cc. of test material was injected subcutaneously 
into 30 to 50 gm. intact female rats; plasma samples were diluted at least tenfold with 
saline because of the inhibiting effect of higher concentrations of plasma in this test. 
Four hours after injection the animals were killed by ether anesthesia and the ovaries 
inspected. A dose response curve to standard chorionic gonadotropin in normal saline 
was plotted on semi-log paper. Our dose response curve was not identical with that ob¬ 
tained by Albert and Berkson, but the response was linear over the range of 16 to 85% 
positive responses (2-S r.u. CG). The linear portion of the curve was plotted using data 
from 110 animals in 10 experiments. Unknown materials were diluted so that the 
response to one or more dilutions fell within the linear range. A minimum of 5 animals 
were tested at each dosage for both unknown and standard materials. 

ACTH activity was measured by adrenal ascorbic acid depletion in hypophysecto- 
mized rats as described by Sa 3 -ers and coworkers (3), using an Armour preparation 
with potency stated in international units as a standard. Five animals per group were 
used, each animal serving as its own control. 

Blood from pregnant women was collected in heparin usually within 15 minutes of 
deliver}", iced immediatelj’, and centrifuged in a refrigerated centrifuge. The super¬ 
natant plasma was removed and frozen. Pools of plasma were prepared by combining 
individual specimens. 

Chorionic gonadotropin, (Ayerst) was supplied as a diy powder prepared from human 
pregnanej" urine. The stated potenej- was 1225 i.u./mg. We have used this material as 
our standard. 


EESULTS 

On the basis of the ovarian hyperemia assay, 4 maternal plasma pools 
contained from 22 to 58 i.tr./cc. of chorionic gonadotropin and all partially 
prevented adrenal weight loss in hypophysectomized rats (Table lA). 
When maternal plasma pools were diluted, the minimum effective dose pre¬ 
venting complete adrenal weight loss contained between 0.5 and 2.7 
i.Tj./cc. CG. Two samples of pooled human plasma obtained from the 
blook bank contained no measurable CG activitj'^ (sensitivity limit 2 
i.TJ./cc). and had no effect on the rat adrenal weights. However, the addi¬ 
tion of chorionic gonadotropin to bank plasma in amounts between 11 and 
165 i.u./cc. produced the same effect on the adrenals as did the undiluted 
maternal plasma pools. Smaller amounts of CG were then added to the 
bank plasma to determine the minimum effective dose, which was found to 
contain between 0.5 and 1 i.ij./cc. CG. As maj^ be seen from Table lA, 
similar amounts of CG occurring naturally in maternal plasma or added 
to bank plasma produced similar effects on adrenal weight. 

For purposes of comparison, gonadotropic substances from other 
sources were tested both for CG activity and prevention of adrenal weight 
loss. Sheep pituitaiy luteinizing hormone (LH) (Armour) containing 1 mg. 
Armour standard per cc. was found to be equivalent to 8 i.u./cc. CG in the 
ovarian hyperemia assay. This material was effective in preventing adrenal 
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Table 1 


Material 


CG= 

r.u./cc. 


Adrenal weight (mg) 


Mean 


Std. error 
of mean 


A. The relationship of adrenal weights in hypophgsectomized rats to the dosage of chorionic 
gonadotropin (CG) or its eqm'valeiit as measured in the rat ovarian hyperemia assay 


Controls 




Saline 

0 

15.1 

0.6 

Non-injected 

0 

14.8 

1.3 

Maternal plasma pool 




1 

58 

21.8 

0.7 

2 

46 

20.7 

1.2 

3 

25 

21.3 

0.5 

4 

22 

21.0“ 

1.0 

1 (1:10 dilution) 

5.8 

17.3 

0.7 

2 (1:10 dilution) 

4.6 

16.1 

0.5 

5 (1:10 dilution) 

2.7 

18.9 

0.6 

5 (1:50 dilution) 

0.5 

16.3 

0.4 

Bank plasma pool 




1 

0* 

14.9'- 

0.6 

2 

0* 

15.9“ 

1.0 

Chorionic gonadotropin added to bank 




plasma 

165 

20.0 

0.6 


17 ' 

20.6 

0.5 


11 

22.0 

0.8 


11 

20.8 

0.7 


3.3 

19.1'' 

0.6 


1 

19.2 

0.6 


0.5 

16.0 

1.0 


0.05 

14.2 

0.6 

Luteinizing hormone 

8 

20.8 

1.0 

Equine gonadotropin 

7 

19.7 

1.0 

B. The relationship of adrenal ^ueights 

in hypophysectomi 

zed rats to the dosage of 

ACPR 


ACTH I.u./cc. 



ACTH 

0.28 

21.8 

0.6 


0.083 

19.4“ 

0.5 


0.028 

17.0 

0.6 

Bank plasma Pool 2 

0 

15.9' 

1.0 


n-b,c-d,o-f Test for significant difference bj' anal 3 'sis of variance: P <0.01 in each of these 
pairs. 

* Sensitivit}^ limit: 2 i.u./cc. 


weight loss to the same extent as a corresponding dose of CG. Similarly, 
equine gonadotropin (Ayerst) in concentration of 150 i.u./cc. was equiv¬ 
alent to 7 I.u./cc. CG in the ovarian hyperemia assay and was also effec¬ 
tive in preventing adrenal weight loss. 

ACTH produced no ovarian hyperemia in the assay for CG, but, as 
expected, it was effective in preventing adrenal weight loss in hypopbysec- 
tomized rats (Table IB). , 

Histological sections of adrenal from hj'^pophysectomized rats shovec 
that maternal plasma (Fig. 3), CG (Fig. 5), LH, and ACTH (Fig- 7) 
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duced a wider cortex than that seen in untreated animals (Fig. 1). The re¬ 
sults of these various treatments were indistinguishable in hematoxylin 
and eosin stained sections. In Sudan stained sections, however, only ACTH 
treatment (Fig. 13) was associated with a fairly uniform distribution of 
fat-staining material, and disappearance of the sudanophobic zone (cf. 
Fig. 10, 11, 12 and 14). Histological sections from the testes likewise re¬ 
vealed a difference between the effect of ACTH (Fig. 8) and that of the 
other agents. Maternal plasma (Fig. 4), CG (Fig. 6) and LH maintained 
the interstitial cells of the testes, whereas ACTH did not. 

Injections of bank plasma in control animals resulted in a thinning of the 
adrenal cortex with atrophy and hypoplasia most pronounced in its central 
portion. A sudan-free zone in the fascicular zone was present; the inter¬ 
stitial cells of the testes were not maintained. 

Neither maternal plasma nor CG contained ACTH activity as measured 
by adrenal ascorbic acid depletion (Table 2). Equine gonadotropin and 
sheep pituitarj^ LH produced slight depletions in adrenal ascorbic acid; 
the effect of each was less than that produced bj”^ 0.0011 i.u. ACTH. 

Neither CG nor maternal plasma prevented adrenal involution in either 
hypophj^sectomized Jernale rats or in hypophysectomized and gonadec- 
tomhed male rats (Table 3A and B). However, partial adrenal weight 
maintenance could be effected in hypophysectomized gonadectomized 
male rats by the sole administration of testosterone propionate (Table 3C). 
These rats were of the same strain but were obtained from a different 
source. The degree of weight maintenance and the histological effects on 
the adrenal were identical with those previously obtained with CG and 
maternal plasma in hypophysectomized male rats with intact testes. 

CG did not affect adrenal weights in intact male rats (Table 3D). 


DISCUSSION 

These observations lead us to believe that the adrenotropic action of 
pregnancy plasma was caused by CG, which stimulated the testes of the 
test animals to produce a steroid secretory product. The steroid in turn 

Table 2. Assay for ACTH activity* 


Material 

Dose/rat 

Ascorbic acid (mg/100 gms. adrenal 
tissue) 

Before 

ACTH 

After 

ACTH 

Net change 

ACTH 

0.011 I.u. 

496 

271 

-225 

ACTH 

0.0011 I.u. 

475 

367 

— 108 

Sheep luteinizing hormone 

2 mg Armour 
standard 

496 

441 

- 55 

Equine gonadotropin 

600 I.u. 

479 

460 

— 19 

Chorionic gonadotropin 

1000 I.u. 

414 

442 

+ 28 

Matern.al plasma pool 4 

0.6 cc. 

401 

439 

+ 38 


* None of the materials tested had as much as 0.0011 i.u. ACTH activity. 
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acted on the adrenals of the hypophj'sectomized rats to partially maintain 
their weight. Three types of studies are presented to afford evidence of this 
mechanism. 

First, the adi-enotropic action of pregnancy plasma was imitiated bj" 
CG and other gonadotropins with luteinizing hormone activity. Blood 
bank plasma pools which contained no CG activity had no adrenotropic 
action. When CG was added to the inert bank plasma in amounts compa¬ 
rable to those in pregnancy plasma, the preparation reproduced the adreno¬ 
tropic action of maternal plasma. The minimum dose of each necessar3^ to 
produce the adrenotropic response was the same in terms of CG activity, 
and the maximimum response to higher doses of each was the same. Both 
produced identical histological effects in the rat adrenals and maintained 
the interstitial cells of the rat testes. The adrenotropic and histological ef¬ 
fects of maternal plasma and of bank plasma with added CG were repro¬ 
duced by sheep pituitary LH and by equine gonadotropin. This parallelism 


Figs, 1, 3, 5, 7, 9 adrenals stained with H&E (X35). Figs. 2, 4, 6, 8 testes stained 
with H&E (X35). Figs. 10-14 adrenals stained with Sudan III (X35). 

Fig. 1. Adrenal from a hypophj'sectomized rat which received no therapy. The corte.v 
is thin. 

Fig. 2. Testis from a hypophysectomized rat which received no therapy. The inter¬ 
stitial cells are atrophic. 

Fig. 3. Adrenal from a hj^poplij'sectomized rat treated with maternal plasma. The 
cortex is thicker than in the untreated animal. 

Fig. 4. Testis from a h 3 ^pophysectomized rat treated with maternal plasma. The inter¬ 
stitial cells are not atrophic. 

Fig. 5. Adrenal from a hj'pophj'sectomized rat treated with chorionic gonadotropin. 
The cortex is thicker than in the untreated animal. 

Fig. 6. Testis from a hj^pophysectomized rat treated with chorionic gonadotropin. 
The interstitial cells are not atrophic. 

Fig. 7. Adrenal from a hypophysectomized rat treated with ACTH. The cortex is 
thicker than in the untreated animal. - 

Fig. 8. Testis from a hypophysectomized rat treated with ACTH. The interstitial 
cells are atrophic. 

Fig. 9. Adrenal from a hj^pophj^sectomized caste rat treated with testosterone pro¬ 
pionate. The cortex is thicker than in the untreated animal and resembles those seen 
after treatment with maternal palsma, chorionic gonadotropin, and ACTH. 

Fig. 10. Adrenal from a hypophj’sectomized rat which received no therapj'. A zone 
devoid of fat-staining material is present in the fascicular zone. 

Fig. 11. Adrenal from a hypophj’sectomized rat which received maternal plasma. A 
zone devoid of fat-staining material is present in the fascicular zone. 

Fig. 12. Adrenal from a hypophj’sectomized rat which received chorionic gonadotro¬ 
pin. A zone devoid of fat-staining material is present in the fascicular zone. 

Fig. 13. Adrenal from a hypophj’sectomized rat which received ACTH. There is a 
fairlj’ uniform distribution of fat in the cortex and no fat-free zone is present. 

Fig. 14. Adrenal from a hj’pophysectomized, castrate rat which received testosterone 
propionate. A zone devoid of fat-staining material is present in the fascicular zone. 
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Table 3 


Adrenal weight (mg.) 


Mean Std. error of mean 


A. Female hi/pophyseclomizcd rals 


Control (Bank Plasma Pool 2) 

17.1 

0.3 

Chorionic Gonadotropin (25 i.u./cc.) 

17.6 

0.8 

Maternal Plasma Pool 5 

18.8 

0.9 

B. Afale castrale hypophysectomized rals 

Control (Bank Plasma Pool 2) 

19.1 

0.0 

Chorionic Gonadotropin (25 i.u./cc.) 

18.3 

1.0 

Maternal Plasma Pool 5 

19.0 

0.5 

C. Male castrate hypophysectomized rals* 

Control (sesame oil) 

12.3 

0.0 

Testosterone propionate 2 mg./day 

20.5 

1.6 

D. Intact male rals* 

Control 

42.4 

1.4 

CG (25 I.u./cc.) 

40.0 

0.9 


A and B; Neither chorionic gonadotropin (CG) nor maternal plasma caused a change in 
adrenal weight in hj’pophj'sectomiiied female rats or in hypophysectomized castrate male 
rats. Control values in tliese animals are higher than in male non-castrate hypophj'sectomized 
rats and reflect higher adrenal weights at the beginning of treatment. 

C; Increase in adrenal weight in hypophysectomized, gonadectomized male rats given 
testosterone propionate in sesame oil (P<0.01). 

D: CG had no effect on adrenal weights in intact male rats. 

Analysis of variance revealed no .significant differences within groups A, B, and D. 

* From Charles River Breeding Laboratories, Brookline, Massachusetts. 


of action between maternal plasma, CG, LH, and equine gonadotropin sug¬ 
gested that the active principle was luteinizing hormone activity, a prop¬ 
erty the}^ shared in common as evidenced by the ovarian hyperemia, re¬ 
sponse to each. 

Second, ACTH also maintained adrenal weight in hypophysectomized 
rats, but ACTH activity in the various test materials cannot account for 
their effectiveness in adrenal weight maintenance. ACTH assay revealed 
that in the test doses employed, neither maternal plasma, CG, LH, nor 
equine gonadotropin contained sufficient ACTH for adrenal weight main¬ 
tenance. For example 2 mg. of LH contained less than 0.0011 i.u. ACTH 
activity. The LH given in the adrenal weight maintenance experiment 
contained 1.0 mg./ec., or less than 0.00055 i.tr./cc. ACTH activity. This 
was <1/150 the dose of ACTH required to produce an equivalent response 
(0.083 i.u./cc.; table IB). Similar calculations revealed factors of <1/45 
for maternal plasma, <1/300 for equine gonadotropin, and <1/25,000 foi 
CG. The factors for maternal plasma and CG are conservative estimates; 
0.0011 I.u. ACTH activity over-estimates their possible ACTH content, 
since neither showed an}'’ activity at all in the assay. In addition, histolog¬ 
ical evidence indicated the lack of ACTH activity in the test mateiials. In 
the absence of ACTH, a characteristic sudan free zone appears in the 
outer part of the fascicular zone (4) (Fig. 10). Adrenotropic doses o ma¬ 
ternal plasma, CG, LH, and testosterone propionate failed to eliminate 
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this zone in the hypoplo^sectomized rats, but a similarly adrenotropic dose 
of ACTH caused it to disappear. 

Third, maternal plasma and the gonadotropins which imitated its action 
all maintained the interstitial cells of the testis, suggesting that the secre¬ 
tory product of these cells might be the adrenotropin. Further experiments 
showed that this was the case. The presence of the testis was essential for 
either maternal plasma or CG to show an adrenotropic action. Neither of 
these materials prevented adrenal involution in either hypophysectomized 
female rats or hypophysectomized and gonadectomized male rats. How¬ 
ever, testosterone propionate administered to hypophj'^sectomized and gon¬ 
adectomized male rats was effective in maintaining adrenal weight in the 
same way as CG or maternal plasma in hypophysectomized male rats. This 
effect of testosterone on the adrenal of hypophysectomized rats is con¬ 
firmed b}'^ previous work of other investigators (5, 6 , 7) whose studies 
demonstrated partial weight maintenance of the adrenal in h 3 '^poph 3 'sec- 
tomized male rats, using doses of 1.25 to 2.5 mg. testosterone propionate. 
Our own experience and that of others (7) indicates that lower doses are 
less effective and that the effect disappears when the dose of testosterone is 
reduced to about 0.2 to 0.5 mg. per da 3 ^ 

Maintenance of adrenal weight by steroid therapy has also been reported 
in rats with adrenal atroph 3 '^ induced by cortisone administration instead 
of by hypophysectomy ( 8 , 9, 10 ). In these animals, a large number of C-19 
and methylated C-20 steroids were shown to be effective to varying de¬ 
grees in the prevention of adrenal Aveight loss. The most effective steroids 
were androgenic, although their effectiveness bore no constant relationship 
to androgenicity, chemical structure, or other recognized factor. These 
findings appear to support our interpretation of our own results in 113 ^- 
pophysectomized rats, in which we believe that adrenal AA^eight Avas par¬ 
tially maintained by steroids secreted b 3 ^ the rat testes under gonadotropic- 
stimulation. 

We first suspected that CG might cause the partial adrenal Aveight main¬ 
tenance in hypoph 3 ^sectomized rats because of previous evidence that CG 
AA^as related to the striking adrenal h 3 "pertroph 3 ^ in the human fetus (11 
12). This evidence remains attractiA^e, but the mechanism by AAdiich AA^e 
believe CG partially maintains the adrenal of hypophysectomized male 
rats does not appear to be directly applicable to the problem of human fetal 
adrenal h 3 ^pertrophy for several reasons. First, the differences in adrenal 
weight AAdrich we have demonstrated represent only a partial prevention 
of involution. The adrenal AA^eight of 40-da3' '^id intact male rats AA^as 37.5 
±1.8 mg. At the end of the 8-day experiment, adrenal AA^eights AA^ere of the 
order of 15 mg. for controls and 20 mg. for CG treated rats. Extensive in¬ 
volution had therefore occurred in both groups and had been only partially 
prevented by CG therap 3 ’'. The human fetal adrenal, on the other hand, is 
greatly enlarged, being proportionatel 3 ' 10 to 20 times heavier than the 
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adult gland (13). Second, CG had no effect on adrenal weights in non- 
hypophysectomized rats. In the human fetus the pituitary appears to be 
essential for the adrenal hypertrophy to occur; anencephalic infants, which 
have severely defective pituitaries, usually do not show fetal adrenal en¬ 
largement. Third, chorionic gonadotropin is found in the fetus only in low 
titers relative to those in the mother (14), and we have found (unpublished 
observations) that neither fetal urine nor fetal plasma is adrenotropic in 
the hypophysectomized male rat. We believe, therefore, that if chorionic 
gonadotropin is related to human fetal adrenal development, as is sug¬ 
gested by other experiments, factors in addition to those demonstrated in 
these studies must be involved. 
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CHANGES IN THE GOLGI APPARATUS OF THE 
ISLETS OF LANGERHANS IN THE RAT 
FOLLOWING GLUCOSE AND INSULIN 
ADMINISTRATION^ 
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ABSTRACT 

The appearance of the Golgi apparatus of the beta cells of the islets of 
Langerhans of the rat was studied with a view to finding a better histological 
criterion of activity than those now available. The Golgi apparatus of the beta 
cell is clearly distinguishable from that of the alpha cell, since the former is 
much larger and more elaborate, while the latter is very small and compact. 
Maintenance of elevated blood glucose levels for 4 hours resulted in an increase 
in the size and intricacy of the beta cell Golgi apparatus, while at 12 hours the 
change was even more marked. Attention was then turned to the alpha cells to 
see if maintenance of hypoglycemia, said to be a stimulus to glucagon release, 
would produce alterations of their Golgi bodies. Insulin was infused continu¬ 
ously intravenously, resulting in blood glucose levels of 15-30 mg.% over at 
least a 4-hour period. In spite of the marked hypoglycemia, no changes in the 
Golgi apparatus of the alpha cells was observed, although the beta cell Golgi 
apparatus showed beginning involution. 

A GROWING body of etadence indicates that the blood glucose level 
is one of the most important factors influencing the rate of insulin 
production. This relationship was first demonstrated by Banting and 
Gairns (1) and Houssay, et al. (2), while in a more extensive study, Zunz 
and LaBarre (3), using cross-circulation experiments, showed that produc¬ 
tion of hyperglycemia in the donor dog resulted in a decline in the blood 
glucose level of the recipient. Local infusions of glucose into the pancreas 
have been demonstrated b}^ Kosaka (4) and Brown et al. (5) to result in 
hypoglycemia; the latter authors have also observed islet hyperplasia, 
degranulation and beginning hydropic degeneration in the part of the 
pancreas infused with glucose. The most direct piece of evidence was pro- 
Added by Anderson and Long (6), who found that elevation of the glucose 
level in the blood perfusing the isolated rat pancreas resulted in an in¬ 
crease in the insulin content of the blood. 

^^Jl^the cells composing most glandular tissue, the beta cells of the 
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islets of Langerhans show alterations in their morphology under condi¬ 
tions which may be expected to increase their activity. Prolonged hyper¬ 
glycemia in cats and dogs (7, 8,9,10) results in degranulation and hydropic 
degeneration, while the usual response in the guinea pig (11, 12, 13) and 
the rat (14, 15) consists only of degranulation which is followed by islet 
hyperplasia if the elevation in blood glucose is sufficiently prolonged. 

While the beta cells usually respond acutely to a stimulus by degranulat¬ 
ing, nevertheless Nerenberg (16) has shown that this is not always the 
case, since, in his experiments, fasting reduced the granule content and 
feeding of carbohydrate restored it. Therefore, the granule content is an 
unreliable criterion of activity in these cells. Indeed, as has been clearly 
pointed out many times, the degree of granulation at any time depends 
upon the balance between production and release. Since there are no good 
criteria of acute changes in beta cell activity, the first group of experiments 
outlined below was undertaken in an effort to discover other more reliable 
morphological changes which might be used to assess the degree of beta 
cell activit}'' and which would occur sufficiently rapidlj^ to be useful in 
acute studies. The Golgi apparatus seemed to be a hkely candidate for 
such a role. While the argument concei’ning the actual nature of the Golgi 
•apparatus is still in progress, it is nevertheless generally recognized that, 
when glandular tissue shows increased secretory activity, the Golgi appara¬ 
tus in each cell liecomes larger and more elaborate. 

Studies of the Golgi apparatus in the islets of Langerhans have been 
curiously few. Ludford and Cramer (17) described hypertroph}'- of the 
Golgi bodies in the islets during pregnancy, elevation of body temperature, 
and after operative procedures. Vazquez-Lopez (18), although unable to 
impregnate the Golgi apparatus in the normal islets, described what he 
termed an hypertrophied Golgi apparatus in the islets of estrogen-treated 
rats. In neither stuy was an}’' differentiation made between the Golgi 
apparatus of alpha and beta cells. 

While it is quite clear that the beta cells produce insulin and that an 
elevation in blood glucose leads to an increase in their activit}”^, the situa¬ 
tion with respect to glucagon is not as well worked out. Until recently, 
there has Ijeen controversy concerning the cell of origin of this hormone. 
Recently, however, deDuve (19) reported that complete destruction of the 
alpha cells b}" high doses of cobalt is associated Avith the absence of extract- 
able glucagon. In addition, Bencosme and Liepa (20) and Bencosme, 
Liepa and Lazarus (21) haA’-e found that the uncinate process of the dog 
pancreas, a region almost dcAmid of alpha cells, is also almost dcA’oid of 
glucagon. In AueAv of these findings, the conclusion that the alpha cells 
produce glucagon is almost inescapable. HoAveAmr, the factors leading to 
its release are less Avell defined. Foa e( al. (22), using cross-circulation ex¬ 
periments in AA’hich the pancreaticoduodenal Amin of the donor dog drammed 
into the portal circulation of the recipient, found that hypoglycenria in 
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the donor dog resulted in h 3 ^perglycemia in the recipient, a finding which 
suggests that hypoglycemia is at least one of the ways by which glucagon 
release may be caused. It would therefore be anticipated that a prolonged 
depression of blood sugar level would result in morphological changes in 
the alpha cells due to their sudden increase in activity, and accordingly the 
second group of experiments was carried out as described below. 


METHODS 

Rats of the Long-Evans strain, 60-90 daj^s of age and weighing 200-300 gm., were 
employed, female rats being used when glucose was infused and male rates when insulin 
was infused. All animals were fed a stock diet ad libitum. In some rats, diabetes was pro¬ 
duced by the intravenous injection of 50 mg. per kg. of body weight of recrystallized 
alloxan following a fast of 72 hours. For the next 6 days, these animals were treated with 
4 units per day of crystalline zinc insulin subcutaneously. At least 30 days then elapsed 
before the animals were used. 

In the first group of experiments, glucose was infused continuously through a pol\-- 
vinyl catheter in the tail vein. In the experiments of 4 hours duration or less, the animals 
were anesthetized with nembutal throughout, but in the 8 and 12 hour studies, the 
animals were anesthetized with ether during the placing of the catheter in the tail vein, 
and then allowed to recover. These animals were kept in restraining cages for the dura¬ 
tion of the experiment. In the shorter experiments, the animals were first given a priming 
dose of 1 cc. of 25% glucose in 0.2% pyrogen-free NaCl intravenously, following which 
the}’- were connected to a constant injection pump which delivered 5.3 cc. of 25% glucose 
in 0.2% NaCl per hour. In the 8 and 12 hour experiments, no priming dose was given 
and the glucose was infused as a 10% solution in 0.5% NaCl at a rate of around 15 cc. 
per hour, NaCl was included in the infusion to avoid depletion of body sodium and 
chloride as a result of the marked diuresis. At the end of each experiment, the infusion 
was stopped, the animals were anesthetized, and after a lapse of several minutes, blood 
was drawn from the vena cava for the measurement of blood sugar and the pancreas 
was removed and fixed for histological study. 

In the second group of experiments, insulin W’as infused into both normal and alloxan- 
diabetic animals. Both groups of animals were infused with crystalline zinc insulin intra¬ 
venously at a rate of 0.44 unit per hour (Lilly “Isletin” diluted with 0.9 pyrogen-free 
NaCl), but in addition, the alloxan-diabetic animals were given 2-3 units of insulin in- 
traperitoneally two hours before the beginning of the experiment in order to bring the 
blood sugar levels down to roughly normal levels. As in the short glucose infusions, the 
animals were under continuous nembutal anesthesia from the time that the infusions 
were begun. Blood was drawn from the inferior vena cava every half or three-quarters of 
an hour for the determination of glucose. At the end of the experiment, the pancreas 
was removed and fixed. 

Glucose was measured by the Nelson modification of the Somogyi method (23). Part 
of the pancreas was fixed in Bouin’s fluid, embedded in paraffin, sectioned at A p and 
stained with the Gomori aldehyde fuchsin following preliminary o.xidation -with 0.3% 
KMnOj in 0.3% H 2 SO 4 for 1 minute with subsequent bleaching in 3% sodium bisulfite. 
A brilliant stain of the beta cell granules with almost no background staining wms ob¬ 
tained in 4 minutes. After rinsing in 95% alcohol, the slides were stained for about 5 
minutes in chrome hematoxylin (24), differentiated briefly in 1 % HCl in 70% alcohol, 
washed in tap water for 5 minutes and counterstained for 20 minutes in the following 
mixture: 0.25 gm. chromotrope 2R, 0.1 gm. light green, 0.7 gm. phosphotungstic acid, 
20 cc. glycerol, 80 cc. water, 1 cc. glacial acetic acid. Slides were rinsed briefly in 0 . 1 % 
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acetic acid, dehj^drated and mounted. The alpha cell granules were deep orange, the 
beta cell granules purple and the cjToplasm of both cells green. For demonstration of the 
Golgi apparatus, a second part of the pancreas was cut into small pieces and fixed for 24 
hours in Champy-KuII fixative, washed in running water for 24 hours, then treated with 
2% osmic acid at 40° C for 12 hours and at 35° C for 8 days. The tissues were washed 
for 24 hours in running water, dehydrated, embedded in paraffin, and sectioned at 4 p. 
Sections too heavily impregnated with osmic acid were bleached in 0.125% KMnO^ 
followed by 3% sodium bisulfite. Some preparations of pancreas impregnated with osmic 
acid were counterstained with Mallory-Azan for the differentiation of cell types. 


RESULTS 

The Normal Islet 

The appearance of the islets of Langerhans in the normal rat following 
application of specific granule stains has been ampl}'- described. In all nor¬ 
mal controls, the usual preponderance of beta cells over alpha cells was 
observed together with a general grouping of beta cells centrallj^ and alpha 
cells around the periphery. While the beta cells of smaller islets were 
usuall}'- filled with granules, the largest islets contained numerous cells 
with granules confined to the borders of the cells. 

The appearance of the islets after impregnation of the Golgi apparatus 
requires more extensive comment, inasmuch as so little work appears where 
this technique was used. When islets of normal animals were examined 
(Fig. 1), it was apparent at once that there were two t 3 'pes of Golgi appa¬ 
ratus and it was necessary to determine whether the cells possessing the 
two different Golgi t 3 ’’pes could be identified with the alpha and beta cells. 
Most of the cells in the islet had a relatively large, moderately elaborate 
Golgi bod 3 q which was located close to the nucleus and formed a sort of 
cap over it. The cells containing this t 3 ^pe of Golgi apparatus were fairly 
large and formed the central part of the islet, thus correspondong in posi¬ 
tion and size, at least, to the beta cells. In addition, their c 3 doplasm con¬ 
tained granular material which had a tendenc 3 ’’ to reduce osmic acid, thus 
lending a greyish tint to the c 3 doplasm. Located at the edges of the islets, 
frequentl}" in a cap at one end, were smaller cells, all of which had a clear 
c 3 doplasm and which had a veiy small, exceedingl 3 '' simple Golgi appara¬ 
tus near one pole of the nucleus. These cells, then, corresponded in their 
position and size to the alpha cells. Since it proved impossible to counter¬ 
stain these preparations with either aldeh 3 ’^de fuchsin or chrome hema- 
tox 3 din, they were finall 3 '' counterstained with Mallor 3 "-Azan, with the 
result that the granules of the small cells with the small Golgi bodies 
stained with azocarmine, while the others did not, thus indicating tliat 
probabl}'’ the former were the alpha cells. In an effort to put this distinction 
on a still firmer footing, the appearance of the islets of alloxan-diabetic 
rats was studied following impregnation of the Golgi apparatus (Fig. 2). 
It is well-known that rats severel 3 '' diabetic as a result of alloxan treat¬ 
ment show almost complete disappearance of the beta cells, leaving islets 
composed almost exclusivel 3 ^ of alpha cells. The few beta cells left aie 




Fig. 1. Golgi preparation of islet from a normal rat. Note centrall}’ placed large cells 
with large Golgi bodies and dark cj'toplasm and peripherally placed small cells with 
small, very simple Golgi bodies. X917. 



Fig. 2 . Golgi preparation of islet from an untreated allo.van-diabetic rat. Note almost 
complete disappearance of beta cells, leaving the islet composed almost entirely of alpha 
cells with small Golgi bodies and clear cytoplasm. X917. 



508 


BATTS, GAAL AND TIPTON 


Volume 6Jt 


usuall 3 ^ considerably enlarged. In this series, these changes were confirmed 
in material fixed in Bonin’s fluid and stained with aldehyde fuchsin. In 
the Golgi preparations from these animals, almost the entire islet was 
composed of the small cells with clear cjdoplasm and small Golgi bodies. 
Occasionally, there were seen one or two quite large cells with greenish 
cytoplasm and an enormously'' large and elaborate Golgi apparatus. The 
latter cells would logically seem to be representatives of the few beta cells 
left, which had greatly' hy'pertrophied as a result of the hyperglycemia, 
while the small cells appeared to be identical with the alpha cells. 

Group I: Glucose Infusion 

Sixteen experiments were carried out in which the duration of the infu¬ 
sion varied from 1^ to 12 hours. The infused animals were found to have 
blood sugar levels ranging from 327 to 1310 mg.% at the end of the experi¬ 
ments. 

Following the infusion of glucose, the beta cell gi'anulation was greatly' 
reduced, a finding which has been repeatedly' described by' others. This 
degranulation was almost completely confined to the medium- and large¬ 
sized islets, v'ith the small islets appearing not to participate in the re¬ 
sponse. In all experiments the degree of degranulation was about the same 
regardless of the duration of the hy'pergly'cemia. The granulation of the 
alpha cells appeared to be unchanged. 

In osmic acid preparations from these animals, the Golgi bodies of the 
beta cells had become somewhat larger and considerably' more elaborate 
(Figs. 3,4). This process was discernable in the animals infused for only If 
hours, was well-established at 4 hours and was quite marked at 12 hours. 
The Golgi apparatus of the alpha cells did not appear to change in any 
way. 

Group II: Insulin Infusion 

Four normal animals were infused with insulin intravenously' at a rate 
of 1.3-1.8 units kg./hr. The blood sugar declined promptly, reaching 
40 mg.% or below within an hour, and was maintained at this level for 
an interval which varied from lf-3 hours. This persistent hy'poglycemia 
produced no change in the granule content or other appearance of either 
alpha or beta cells in the material stained with aldehy'de fuchsin. There 
was a slight shrinkage of the Golgi bodies of the beta cells, but in the alpha 
cells they' were unchanged. 

Inasmuch as the number of alpha cells compared to beta cells was small 
in the normal animal, making their study' more difficult, 5 alloxan-diabetic 
rats were infused with insulin in the same way' and at the same rate as the 
normal rats, except that 2 nours before the beginning of the experiment, 
they' were given 3 units of regular insulin to bring their blood sugars down 
into the normal range. For at least 4 hours, their blood sugars were between 
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Fig. 3. Golgi preparation of islet from a normal control rat. Islet is composed almost 
entirely of beta cells. A few cells show elaborate Golgi bodies, but in general they are 
small and simple. X917. 



Fig. 4. Golgi preparation of islet from a normal rat infused with glucose for 4 hours. 
Note generalized increase in complexity of Golgi bodies in all cells. X917. 
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15 and 30 nig.%. With the aldehyde fuchsin stain, the untreated alloxan- 
diabetic controls showed the usual masses of well-granulated alpha cells 
with an occasional degranulated beta cell. The animals infused with insulin 
showed no changes in the granule content of the alpha cells, nor did the 
few beta cells change in appearance. The appearance of the islets of un¬ 
treated diabetic rats in Golgi preparations has been described above (Fig, 



Fig. 5. Golgi preparation of islet from an alloxan-diabetic lat infused with insulin for 
4 hours. Islet is composed almost entireh’- of alpha cells whose Golgi bodies aie indis¬ 
tinguishable from those in Fig. 2. X917. 


2). In the Golgi preparations from diabetic rats given insulin, none of the 
alpha cells showed any enlargement or elaboration of the Golgi apparatus 
(Fig. 5). 


DISCUSSION 

Since the appearance of the Golgi apparatus changes fairlj^ rapidly when 
the beta cells are presented with a stimulus to insulin production in the 
form of h 3 ’’pergl 5 '^cemia, we liax^'e at hand a means of assessing the level of 
activity of these cells which is probably better than that afforded by ob¬ 
servation of granule content alone, inasmuch as the amount of granular 
material undoubted!}'- represents a balance between production and 
release. If, as has been shown here, the Golgi apparatus of the beta cells 
changes its appearance within 4 hours after the beginning of an adequate 
stimulus to these cells, one might perhaps expect that the Golgi apparatus 
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of the alpha cells would show recognizable alterations within roughly the 
same time interval follouong the beginning of hypoglycemia, which should 
be an adequate stimulus to their activity. The finding that the alpha cells 
did not change in any way is puzzling. Of course, several assumptions 
were made in this experiment. The first Avas that hypoglycemia is in fact 
a stimulus to the production of glucagon in the rat, as it has been reported 
to be in the dog (22). A second assumption was that glucagon is rapidly 
released when an adequate stimulus is provided. However, the available 
evidence does indicate that glucagon is released within minutes after the 
production of hypoglycemia (22). A third assumption was that the 
morphology of the alpha cells would change when they are stimulated in 
about the same length of time required b}^ the beta cells to change. A fourth 
assumption is that the alpha cells are indeed the site of glucagon produc¬ 
tion, and, if it Avere not for the strong evidence already cited, one Avould 
be tempted to doubt that the alpha cells produce glucagon, since, in this 
experiment and in many others, their morphology remained unchanged 
under a A'^ariety of conditions said to produce release of glucagon. For 
example, Fodden and Read (25) reported increased blood levels of gluca¬ 
gon after 12 days of GH treatment, and Bornstein, Reid and Young (26) 
found a hyperglycemic effect of pancreatic venous blood of cats treated 
AAuth GH for 5 days and in rats treated for 24 hours. Also Foa et al. (27) 
reported that single injections of GH resulted in the release of a substance 
from the pancreas Avhich caused hyperglycemia in cross-circulation experi¬ 
ments. In spite of these findings, the reports of the effects both of hypo- 
physectomjf and of GH administration on the morphology of the alpha 
cells haA^e been A'^ariable, Although most Avorkers have found no changes 
after hj-pophysectomy, Ferner and Tonutti reported atrophy of the alpha 
cells (28). The reports of Ferner have been criticized by Volk, Goldner and 
Frank-CroAAfie}^ (29) because of the capricious nature of the Gros-Schultze 
siRer method used to demonstrate the alpha cells. The latter authors, 
using more reliable techniques, AA'ere unable to find any differences after 
hypophysectom 3 ^ The effect of GH administration has also been highly 
variable. The alpha cells have been reported as unchanged after GH treat¬ 
ment (30), while on the other hand others have observed increased mitotic 
actiAoty (31), or some increase in size, but only AA'^hen corticotropin AAms 
simultaneously administered (32). The effect of the other knoAvn stimulus 
for glucagon release, namely hypoglycemia, has not been inAmstigated in 
chronic experiments with the exception of one study (33) in which the 
alpha .beta cell ratio Avas reported as increased folloAAong chronic insulin 
administration, but unfortunateljq no consideration Avas given to the pos- 
sibilitj^ that this might haA'^e been due to a decrease in number of the beta 
cells. If the alpha cells do produce glucagon under the variety of conditions 
just outlined, then they are remarkable in their ability to do so Avith a 
minimum of morphological change. 
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ABSTRACT 

A biological assay method has been developed for estimation of the phospha- 
turic activit}’ of parathj'roid extracts. It is based on the increased urinary excre¬ 
tion of inorganic phosphate b}' 2-month old male rats during the first 6 hours 
after parathyroidectomy. The extract to be tested is injected immediately after 
parath 3 Toidectomy and just before beginning the collection of urine. Various 
factors of importance in the assay method were studied, including the use of 
parath 3 'roidectomized rather than intact rats, the oirtimal time and the com¬ 
pleteness of the urine collection, a stock diet rather than a low-calcium diet, 
and the dose-response curve. The most favorable conditions 3 ’ielded a reason- 
abl 3 ' rapid and sensitive assa 3 ’- method with a mean index of precision (X) of 0.30. 
Several applications of the method are described, in particular the estimation of 
the ratio of phosphaturic to calcium-mobilizing activity in parath 3 Toid extracts. 

A METHOD of biological assay for phosphaturic activity, for use in 
conjunction with a method (1, 2) already available for calcium- 
mobilizing activity, was needed to aid in the purification of parathyroid 
extract and to help settle the question whether a single hormone or two 
separate hormones are responsible for the two activities. This paper com¬ 
prises a report of the experiments leading up to the development of such 
a bioassay method and descriptions of the recommended procedure and 
some of its applications. 


MATERIALS AND METHODS 

A'lale albino rats of uniform age obtained from the Holtzman Rat Co. were kept in 
pairs in suspended wire mesh cages in an air conditioned animal room with a controlled 
temperature of approxiraateb^ 7S° F. The stock diet was Purina laborator 3 ' chow. An¬ 
abasis of a sample showed 0.94% calcium and 0.35% phosphorus. The low-calcium diet, 
a modification of the diet of Shaw (3), is described in Table 1. Parath 3 ’roidectom 3 ^ was 
carried out under ether anesthesia b 3 ^ cauterization with a hot wire.^ For collection of 
urine each rat was placed in an individual metal metabolism cage with drinking water 
available but no food. The spontaneous^ voided urine was collected in glass jars con- 
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‘ This investigation was supported in part by a grant from the American Cancer 
Societ 3 and b 3 ' a research grant (D-203) from the National Institute of Dental Research 
of the National Institutes of Health, Public Health Service. 

- Details of the technique of parath 3 woidectomy will be supplied on request. 
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Table 1. Low calcium diet 


gm./kg. 

Sucrose 

G84 

Casein with added vitamins” 

240 

Salt mixture'’ 

26 

Corn oil with added vitamins” 

50 

“ Casein xoilh added vitamins. 


To each 100 gm. of casein (De-Vitaminized 

Casein from Sheffield Chemical Co., 

Norwich, N. Y.) add: 



viq. 

Thiamine hydrochloride 

i.4G 

Riboflavin 

1.46 

Pvridoxine hydrochloride 

1.46 

Nicotinic acid 

10.4 

Calcium pantothenate 

8.3 

Choline chloride 

417.0 

Inositol 

4.7 

Para-aminobenzoic acid 

126.0 

Salt mixture 


Mix the following salts; 

gm. 

KoHP 04 

645 

NaH.PO^ ■ HoO 

126 

MgS04 

100 

NaCl 

282 

Ferric citrate • HjO 

55 

KI 

1.6 

MnS 04 -H 20 

9.0 

ZnCb 

1.0 

CUSO 4 • 5 H 2 O 

0.6 

” Corn oil with added vitamins 


To each 100 gm. of corn oil add: 


0-Carotene 

22 mg. 

Irradiated crgosterol 

6000 i.u. 

2- Meth jd-1,4-naphthoquinone 

12 mg. 

a-Tocopherol 

100 mg. 


taining 1 ml. of 2N hydrochloric acid. At the end of the collection period, the funnels of 
the cages were washed down with a stream of distilled water, and the combined urine 
and washings were diluted to 100 ml. with distilled water. The total urinary inorganic 
phosphate for the period was determined by the method of Fiske and Subbarow (4). 
The crude parath)'roid extracts were prepared b}- extracting ground frozen bovine 
parathyroid tissue^ with 10 times the weight of O.IN hydrochloric acid for 15 minutes at 
the temperature of a boiling water bath. The extracts were standardized against Para¬ 
thyroid Extract U.S.P.® by the assay method of Munson et al. (1, 2) for calcium-mobiliz¬ 
ing activit}'. Two extracts were used in tliis stud 3 \ One extract, P20, contained approxi- 
matelj'^ 28 u./ml., and the other, P22, contained 36 ±8 u./ml.'' The extracts contained a 
negligible amount of inorganic phosphate. 

RESULTS 

Comparison of Intact with Parathyroidectomized Rats and the Effect of the 
Duration of Collection of Urine. Male rats were maintained on the stock 

5 Generously donated by Eli Lilly and Co., through the courtesy of Dr. K. K. Chen. 

■' In this paper, a value following the ± sign without other designation denotes the 
standard error. A value followed by the abbreviation (s.d.) denotes the standard devia¬ 
tion. 
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diet for 7 daj^s after receipt from the supplier. At the time of the experiment 
they were 46 daj^s old and 120-150 gm. in weight. They were randomly 
divided into two groups, parathyroidectomized and intact, and each group 
was further divided into two subgroups, control and injected. The control 
rats received no treatment. The injected rats were given 3.0 mi. of para- 
th 3 u-oid extract P20 subcutaneouslj'^ per 100 gm. body weight. The para¬ 
thyroidectomized rats were injected immediately following the operation. 
Urine was collected individual!}'’ from each rat for 24 hours after the injec¬ 
tion in three consecutive periods, 6, 6, and 12 hours, respectively. 

The urinary excretion of inorganic phosphorus, in mg. per hour, for 
each period is shown in Figure 1. The untreated parathjwoidectomized 
rats excreted phosphate at a much lower rate than the intact rats in all 
three periods. Injection of parathjn-oid extract was followed bj' a marked 
increase in urinarj' phosphate in both the intact and the parathyroidec¬ 
tomized rats, but for unknown reasons the increase was greater in the para- 
thj'roidectomized rats. The effect of the extract on urinarj' phosphate was 
greatest in the first 6 hours. The increase over the controls was consider¬ 
ably diminished in the second 6-hour period and was further diminished in 


intact parathyroidectomized 

RATS RATS 



Pig. 1. Rate of urinarj^ evcretion of inor^nic phosphorus by intact and parathy- 
roidcctomized rats. Parathyroid extract (84 units/I 00 gm.) was administered to the 
Injected rats; the Control rats were untreated. Each point (.) represents the mean of a 
group of 6 or 7 rats. The vertical line through each point represents the standard error. 
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the next 12 hours, although, at least in the parathyroidectomized rats, the 
difference between the injected and the control rats was still highly sig¬ 
nificant. 

The increased rate of urinary excretion of phosphate by the untreated 
intact rats during the last 12 hours may indicate the beginning of a cata¬ 
bolic phase in the fasting animal. An additional factor contributing to the 
increase shown by the untreated parathyroidectomized rats during the 
same period may have been a marked rise in plasma inorganic phosphate 
resulting from the earlier retention of phosphate. 



Hours 

Fjg. 2 . Effect of parathyroid c.vtract (84 units/100 gm.) on tlie cumulative urinary 
excretion of inorganic phosphorus by intact and parathyroidectomized rats. The height 
of each column represents the difference between the mean values for injected and con¬ 
trol rats. There were 6 or 7 rats in each group. The brackets represent the respective 
standard errors. 

The cumulative excretion of inorganic phosphoi'us by the injected rats 
for 6,12, and 24 hours, after subtraction of the corresponding control value, 
is shown in Figure 2. Although the maximum increase in rate of phosphate 
excretion occurred during the first six hours, the total effect of the injection 
was greater when summated over the entire 24 hours, at least in the para¬ 
thyroidectomized rats. The selection of a 6-hour period for collection of 
urine for the bioassay was therefore a matter of convenience rather than 
necessitj^ and it is acknowledged that a longer collection period might 
prove to be advantageous. 

Standard Procedure for the Biological Assay Method. On the basis of the 
results of the preceding experiment a biological assay method was designed 
employing acutely parathyroidectomized male rats, eight to nine weeks of 
age. The rats were maintained on the stock diet for approximately one week 
after receipt from the supplier, and wmre then arranged in order of de- 
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creasing weiglit and assigned to treatment groups formal randomiza¬ 
tion. They were next, in rapid succession, anesthetized with ether, para- 
thyroidectomized, injected subcutaneously with parathjuoid extract, and 
put into metabolism cages. The urine was collected for the following 6 
hours. In the usual experimental design there were two dose levels of a 
suitable standard extract at a four-fold dose interval and as many unknowns 
as convenient, with 5 to 8 rats in each treatment group. The potency of an 
unknown was estimated in relation to the standard as described by Bliss 
(5) for parallel-line assaj’^s. 

Results with the Standard Procedure. Eleven assays, using 232 rats, were 
conducted according to the standard procedure. The composite log dose- 
response curve of the 9 statistically valid assays is shown in Figure 3. In 
the remaining 2 assaj's the regression of the effect on the log dose of stand¬ 
ard was not statistical!}'' significant. The mean index of precision (X) of 
the 9 valid assays was 0.30 ±.083 (s.d.), and the minimum expected stand¬ 
ard error of the estimated potency of an unknown when tested at 2 dose 
levels against 2 dose levels of standard, using 6 rats per group, was 33%. 



Fig. 3. Composite log dose-response curves for the biological assay methods for phos- 
phaturic activity. Standard procedure (Normal Diet) on the left, modified procedure 
(Loiv-Calcium Diet) on the right. The horizontal dotted lines represent the average 
level of urinary excretion of inorganic phosphorus over a period of 6 hours for, respec- 
tivelj', intact and parathyroidectomized rats on the two diets. The standard errors of 
these control values ranged from 0.07 to 0.62 mg./6 hrs. 
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Results with a Modified Procedure. The biological assay method of Mun¬ 
son et al. (1, 2) for the calcium-mobilizing activity of parathju'oid extract 
employs an experimental design identical with the standard assay proce¬ 
dure for phosphaturic activity except for the maintenance of the rats on 
a low-calcium diet for the four daj^s immediately preceding the assay. With 
this modification, therefore, it is possible to conduct both assays on the 
same rats simultaneously. However, in a total of 36 simultaneous assays 
using 984 rats, the data on urinary phosphate provided only 22 valid 
assays. The composite log-dose response curve of the 22 valid assays is 
shown in Figure 3. The remaining 14 assays were invalid because of failure 
to achieve a statistically^ significant regression. The mean index of precision 
(X) of the 22 valid assays by the modified procedure was 0.37 +0.15 (s.d.) 
as compared with 0.30+0.08 (s.d.) for the standard procedure. Our pref¬ 
erence for the standard procedure is based on both the possibly loAver 
precision (P<.2) of the valid assays and the high proportion (39%) of 
invalid assays obtained with the modified procedure. 

Co7npleteness of Urine Collections. Although at the beginning of the urine 
collection period emptying of the bladder usually occurs during the an¬ 
esthesia required for the operation, at the end of the 6-hour period the rats 
are removed from the metabolism cages without receiving any stimulus 
for micturition. Thus part of the observed variation between rats may 
have been due to incomplete collection of the urine. In one assay, by the 
modified procedure, the urine was analyzed for creatinine (6) as well as for 
phosphate. Tlie assay statistics were computed in two ways, first, as usual, 
ignoring the values obtained for creatinine, and secondly, using the phos¬ 
phorus to creatinine ratio. By the use of the phosphorus: creatinine ratio 
X was apparently’- reduced, from 0.42 to 0.32. Although this change was not 
statistically’- significant, the ratio of the residual variances (F) was 2.14, 
with only'- 2.30 required for significance at the P.05 level. The results there¬ 
fore suggest that incompleteness of urine collection may’- have contributed 
to the observed variation between rats and that the use of the phosphorus: 
creatinine ratio or delilrerate manual empty’-ing of the bladder might reduce 
the error of the assay^ 

Applicatio7is of the Assay Method for Phosphattiric Activity 

1. Comparison of two parathyu-oid extracts for relative amounts of 
ca’cium-mobilizing and phosphaturic activity'-. 

It was now possible, with the aid of the two biological assay'- methods, to 
compare the relative amounts of the two activities in various extracts. As 
reported previously^ (2, 7), our crude parathyroid extract, P22, was assayed 
twice for calcium-mobilizing activity'- and three times for phosphaturic ac¬ 
tivity. When the data were combined, P22 was found to contain 36+8% 
of the calcium-mobilizing activity'- and 134+24% of the phosphaturic ac¬ 
tivity of an equal volume of the commercial U.S.P. extract. The ratio of 
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phospliaturic to calcium-mobilizing activities was 3.6 ±0.67 times as great 
in P22 as in the commercial extract. 

2. Assay of spleen extract. 

It has been suggested that because extracts of spleen and thymus were 
found to be phospliaturic in the dog that the phospliaturic activity of 
parathyroid extracts is not hormonal in nature (8). Ground, frozen bovine 
spleen was extracted mth hot acid as described above for parathyroid 
extract. No phospliaturic activit}' could be detected in this spleen extract 
b}^ our assay method in parathyroidectomized rats, and if any was present, 
it was less than ^ that of crude parathjwoid extract. There was also no 
detectable calcium-mobilizing activity in the spleen extract. 

3. Assaj’^ of dialysates of paratlyu-oid extract. 

Various parath 3 ^roid extracts were subjected to equilibrium dialysis in 
cellulose tubing. If in. flat width, for 6 da^-^s at 4° C. and pH 2 (9). The 
original extract, the dialj^sand, and the dialysate were assayed for phos- 
phaturic actmty by the present method. A considerable proportion, ap- 
proximatelj^ 20%, of the total phospliaturic activity of the extract was 
found in the dialysate. Calcium-mobilizing actiidtj^ was also found in the 
diatysate, in contrast with the first report bj' Davies and Gordon (10) but 
in conformity with their later studies in which parathyroid extract was 
ultrafiltered through dialysis tubing (11). The ratio of the two activities in 
the dialysate was not significant!}'- different from that in the dialysand or in 
the starting material. 


DISCUSSION 

The biological assaj”^ method for phospliaturic activity that we have de¬ 
scribed, although it falls somewhat short of the desired order of precision, 
appears to be more precise than alternative methods, recentl}^ reviewed by 
Greep and Kenny (12). Further possible improvements were noted in the 
Results section and are currentty under investigation. 

The modified assa}" procedure, described above, is conducted in con¬ 
junction with the assay for calcium-mobilizing activit}^ with the expen¬ 
diture of little additional effort. Although the use of the modified procedure 
increases the chance of obtaining an invalid assajq it supplies data of at 
least a preliminarj^ nature which, if suflScientl}'^ interesting, ma}"^ be checked 
bj" a separate and more precise phospliaturic assaj"^ using rats maintained 
on a normal diet. 

The specificity of the assaj’- method for phosphaturic activity has not 
yet been studied extensivelj". For example, the importance of changes in 
renal hemodjmamics during the collection of urine has not been assessed 
in relation to the effect on the tubular reabsorption of phosphate. Crawford 
et al. (6) state that ordinaril}" the contribution of increased glomerular 
filtration rate is of little importance in rats. 

The suggestion b}'- Stewart and Bowen (8) that the phosphaturic activitj^ 
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of parathyroid extracts is an artifact also found in extracts of thymus and 
spleen was not supported in the present investigation in which bovine 
spleen extract was found to contain no detectable phosphaturic activity in 
rats. The thoroughly documented observations that parathyroidectomy is 
followed by retention of phosphate and that administration of parathyroid 
extract results in an increased urinary excretion of phosphate certainly 
favor the existence of a phosphaturic parathyroid hormone. It is possible, 
however, that not all of the phosphaturic activitj’- of parathyroid extracts 
is hormonal in nature. 

The factor of 3.6 between the ratios of phosphaturic to calcium mobiliz¬ 
ing activity in a crude parathju-oid extract and in a commercial U.S.P. 
preparation (2, 7) has been confirmed by Davies et al. (13). The possible 
significance of this discrepanc}'- in ratios for current experience (14, 15, 16, 
17, 18) with the Ellsworth-Howard test (19) has been discussed elsewhere 
(2, 12). Differences in the ratios of the two activities in different extracts 
would indeed not be surprising if the parathju-oid contained two hormones. 
Proof of this interesting hypothesis will require chemical separation and 
purification of two hormones. One (20) of three recent reports on purified 
parathju-oid preparations states that both phosphaturic and calcium- 
mobilizing activities were present. There are other possible explanations of 
the discrepancy in ratios. First, the crude extract niaj'- contain nonhor- 
nional phosphaturic material. Secondly, as noted bj^ Rasmussen and 
Westall (21), the difference between the two extracts maj^ be pharamaco- 
logical in nature, since the assaj' for calcium-mobilizing activit}’’ is based on 
a measurement at a cei’tain instant of time while the assa}" for phosphaturic 
activity is based on a cumulative response. Whatever the cause of the dif¬ 
ference in assa}'' ratios, a real difference in hormone content, the variable 
presence of artifact, or a difference in duration of action, caution should 
be exercised in comparing the phosphaturic activities determined b}'^ dif¬ 
ferent assaj^ methods. The definition of a unit of phosphaturic activit}’^ in 
terms of a standard assay method or, preferabl}'’, the establishment of a 
reference standard would tend to minimize the problem. 
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ABSTRACT 

Adrenalectomized and intact female dogs were injected with cobalt alone for 
30 daj'S. Adrenalectomized dogs were injected for an additional period with a 
combination of cobalt and hj'drocortisone. At 10-day intervals measurements 
were made of the hematocrit, hemoglobin, red cell counts and bod 3 ’' weight. 
Total circulating red cell volume method) was measured at the end of and 
at various intervals during the course of the experiment. Femoral bone marrow 
myelograms and total nucleated cellularit}' were determined on the day fol¬ 
lowing the last injection in each dog. 

Intact dogs responded to cobalt injections with a significant increase in 
hematocrit, red cell count, hemoglobin, red cell volume and erythroid pre¬ 
cursors within femoral bone marrows, while the blood picture and bone 
marrow cytology of adrenalectomized dogs injected with cobalt were not sig- 
nificantty different from those of deso.xycorticosterone-maintained adrenalcc- 
tomized dogs. Treatment of adrenalectomized dogs with a combination of 
cobalt and h 3 "drocortisone tended to suppress the m 3 "eloid h 3 ’perplasia seen in 
the bone marrows of DCA-maintained adrenalectomized dogs. These data are 
interpreted to mean that an adequate suppb' of adrenocortical hormones is 
necessar 3 " for the hematopoietic response to cobalt. 

W E HAVE reported previously that the adrenalectomized rat does 
not respond to cobalt injections xUtli a characteristic polycythemia, 
as do sham operated controls, until thej'' dexmlop accessory adrenals (1). 
Ste33^art and Rogoff (2) reported that onl}”- one of 150 adrenalectomized 
dogs 3vas found 33dth an accessory adrenal at autops 3 ^ Therefore, the dog 
appears to be a more reliable test animal than the rat for evaluating the 
effects of adrenalectoni}’- on cobalt poLmjThemia over a prolonged interval 
provided adequate maintenance therapy is instituted immediately after 
operation. 
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In view of these facts and to further clarify the role of the adrenal gland 
in cobalt polycythemia, a comparison has been made of the effects of intra- 
peritoneal injections of cobalt on the total circulating red cell volume and 
nucleated erythrocytes of the bone marrow of normal and adrenalecto- 
mized dogs. 

MATERIALS AND METHODS 

Twenty healthy adult female mongrel dogs were used in these studies. They were 
dudded into 4 groups as follows: Group (1) 5 intact untreated, (2) 7 intact dogs given 
1.0 mg. elemental cobalt per kg./day i.p., (3) 4 adrenalectomized DCA maintained 
controls, (4) 4 adrenalectomized DCA maintained dogs receiving 1.0 mg. elemental 
cobalt per kg./day, two of which were continued for an additional period of time on a 
combination of 1.0 mg. elemental cobalt and 7 mg. hydrocortisone acetate per kg./day. 

Daily rations for all intact dogs consisted of 2 cans of dog food and occasional supple¬ 
mentation with Purina chow. Each dog received an additional supplement of one pound 
of ground beef twice a week. All dogs were conditioned on an animal farm at least 3 
weeks prior to use in an experiment. They were subjected to deworming, distemper 
vaccination and treatment for mange at least 2 weeks before use. Blood was drawn 
from the unanesthetized dog without stasis from either the jugular or radial vein and 
delivered to a heparinized tube. Er 3 dhroc}'te counts were done using U.S. certified blood 
pipettes and the improved Neubauer counting chamber. Hematocrit determinations 
were made with Wintrobe hematocrit tubes wdiich were spun for 30 minutes at 3000 
r.p.m. at a radius of 17.5 cm. Hemoglobin determinations were made on the Klett- 
Summerson Photoelectric Colorimeter using the acid hematin method (3). Each dog 
was weighed at the time of the determination of the various blood values. 

The red cell volume was determined with P’- tagged erj’throc 3 ’tes b 3 " the method of 
Hevesy et al. (4) as modified by Krieger et al. (5). Ten ml. of a tagged red cell suspension 
was injected via jugular or radial vein of the unanesthetized dog. After allowing 10 
minutes for the sample to mix, 4-5 ml. of blood was removed from the opposite vein 
for wet counting on an end window Geiger-Mueller counter. Cobalt chloride 
(CoCb GHsO)- was given daib^ as an intraperitoneal injection at a dosage of 1.0 mg. 
elemental cobalt (4 mg. CoCl;- 6 HiO) per kg. of bod 3 ' weight. 

Bilateral adrenalectomy was performed on the fasted dog under NembutaP anes¬ 
thesia using aseptic technique. As soon as the first adrenal was removed, 5 mg. deso.v 3 '- 
corticosterone acetate, 50 mg. cortisone acetate, and 600,000 units of aqueous procaine 
penicillin suspension were injected intramuscularb'. Immediateb' following the removal 
of the second gland both incisions were rinsed with Zephiran'' and 125 ml. of warm, 
sterile saline-glucose solution was injected into the jugular vein. The solution contained 
0.9% NaCl plus 5% glucose. For 3 da 3 's following the operation 5 mg. desox 3 morti- 
costerone and 25 mg. cortisone per da 3 ’^ were given intramuscularb". The cortisone was 
then discontinued and the dosage of deso.x 3 xorticosterone reduced b 5 ^ 1 mg. per day, 
until the dog was receiving 1 mg. per da 3 ’’. The adrenalectomized dogs were maintained 
on 1 mg. deso.X3'corticosterone per day i.ra. plus 2 grams NaCl added to the ration each 
da 3 . If at an 3 ' time during the experiment the dogs refused food on two consecutive da 3 ^s, 
50 mg. cortisone and 5 mg. desox 3 'corticosterone were administered i.m. and the dosage 
of DCA gradualb’ reduced over the next few da 3 's. Bod 3 ’^ ulcers developing in the long 
, term adrenalectomized dogs were successfully combated with sulfadiazine ointment. At 


1 CoCL- 6 H 2 O with maximum limits of impurity for lead of 0.005%. 

0.5 ml./kg. Abbott Veterinar 3 ' Nembutal —60 mg./ml. 

< Winthrop-Stearn Zephiran Chloride solution diluted 1 :1,000. 
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the end of the study the adrenalectomized dogs were autopsied and examined for evi¬ 
dence of accessorj’^ adrenals. P values were determined by using Fisher’s “t” test for 
statistical significance. 

Bone Marrow Technique .—The dogs were killed with ether and immediately after 
death the lower three fourths of the femur was dissected and sawed free on both sides. 
The femurs were placed in a vise and a one quarter inch cross section 25 mm. from the 
terminal end sawed off and placed in zenker-formol fixative to be prepared for differential 
cell count. The remaining part of the femur was used for the total nucleated cell count. 
The total nucleated cell count was done on the fresh marrow squeezed out of the terminal 
end of each femur. Two successive 120 mg. samples of bone marrow from each femur 
were weighed on a watch glass and quantitatively transferred to a ground glass homogc- 
nizer and diluted with 3 ml. of 2% acetic acid solution. After homogenizing the bone 
marrow suspension, a sample was transferred to a counting chamber with a red cell 
pipette and a count made from the 4 corner squares. 

Calculations .—The average of the 4 bone marrow samples was inserted into the fol¬ 
lowing formula: 

^ Average No. Nucleated Cells in 4 squares 3000 

No. Nucleated Cells per mg. = - - - X 10 X- 

4 i20 

The 3 ml. dilution factor was found to be an acceptable dilution for hypoplastic, 
hyperplastic and bone marrow of normal cellularity. The bone marrow section for dif¬ 
ferential cell counting after fixation in zenker-formol solution was washed, decalcified 
in formalin and trichloroacetic acid, dehydrated in alcohol, cleared in chloroform, em¬ 
bedded in paraffin, sectioned at 5/x, mounted and stained with giemsa. Five hundred 
cells were differentiated from the finished preparation with a lined square grid in the 
ejm piece under oil immersion lens. 


RESULTS 

Peripheral Blood .—Changes in body weight, hematocrit, red cell count; 
hemoglobin, mean corpuscular volume, mean corpuscular hemoglobin, 
mean corpuscular hemoglobin concentration and total circulating red cell 
volume after cobalt injections in normal and adrenalectomized dogs are 
shown in table 1. 

Cobalt injections in the nonadrenalectomized dog (Table 1) induced a 
significant elevation in hematocrit, red cell count and hemoglobin. After 
30 days (15 days in one animal) of treatment the hematocrit had increased 
from 42.4+3.6 to 52.1+2.5%, (P<.01); the erythroc 3 +e count, from 
6.7+ .87 to 9.2+1.5 million cells per cu. mm.(P<.01); the hemoglobin, 
from 15.5 + 1.4 to 17.3+1.3 gm. per 100 ml. (P = .03). The MCV was de¬ 
creased from 64.5 +5.1 to 58.0+7.9 cubic microns; however, this decrease 
in cell size was not significant (P = .l). The MCH and MCHC were de¬ 
creased in most instances under cobalt treatment. The red cell volumes ex¬ 
pressed as ml. RBC per kg. original bodj’- weight (Fig. 1) for the group of 
intact dogs receiving cobalt for 30 daj^s had a mean value of 46.1 ±6.6 ml. 
per kg., which was significantly (P <.01) higher than the mean of 36.0+5.6 
for nonadrenalectomized untreated dogs. 

Cobalt injections failed to cause an elevation in blood values (Table 1) 
in adrenalectomized dogs as compared with cobalt treated nonadrenalec- 
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Co vs A^Co* < 01 
C vs A* 02 


Fig. 1. Mean values for total circulat¬ 
ing red cell volume expressed as ml. RBC 
per kg. body weight in intact untreated 
dogs (c), intact dogs treated with cobalt 
for 30 days (Co), DCA maintained ad- 
renalectomized dogs (A) and DCA main¬ 
tained adrenalectomized dogs treated for 
30 days with cobalt (A4-Co). P values 
over each bar indicate the significance in 
comparison with intact untreated dogs (c). 


tomized dogs. In fact the blood values of cobalt-treated adrenalectomized 
dogs showed a progressive decrease as in adrenalectomized DCA main¬ 
tained dogs. After 30 da 3 ''S of cobalt treatment in 4 adrenalectomized dogs 
(Table 1, Groups IV and V), the hematocrit had decreased from 35.5 ±7.0 
to 30.0+2.8%; the eiythrocj^e count from 6,4+ .88 to 4.7+.77 million 
cells per cu. mm.; the hemoglobin, from 12.8+3.2 to 10.0+.77 gm. per 
100 ml. The mean MCV value for the 4 adrenalectomized dogs treated for 
30 daj^s with cobalt was 65.4+5.2 as compared with 67.1+3.0 for un¬ 
treated nonadrenalectomized dogs and 64.8 +16.6 for DCA maintained 
adrenalectomized dogs 20 daj^s after adrenalectomy. MCH values in 
adrenalectomized dogs treated with cobalt for 30 daj^s were decreased in 
most instances while the MCHC was not significant!}^ different from un¬ 
treated nonadrenalectomized or DCA maintained adrenalectomized dogs. 
The red cell volume in 4 adrenalectomized dogs receiving cobalt for 30 
daj’-s (Fig. 1) was 27.0+3,3 ml. per kg. and significantly less (P<.01) 
than the mean of 36.0+5.6 for 5 intact, untreated dogs but not signifi- 
cantlj" different (P = .2) from the value of 29.6+3.2 for 7 DCA-main- 
tained adrenalectomized dogs prior to treatment. A slight loss in body 
weight was noted in adrenalectomized dogs being treated with cobalt. 

Two of the 4 adrenalectomized dogs (Table 1, Group V) treated for 30 
days with cobalt were continued for an additional period on a combination 
of 1.0 mg. elemental cobalt as CoClz-OHoO and 7 mg. hj'^drocortisone ace¬ 
tate per kg./da 3 ^ One dog treated for an additional 57 da 3 ^s with the com¬ 
bination showed a moderate elevation in hematocrit (17%), er 3 ''throcyte 
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* Cobalt Chloride at a dosago of 1.0 mg. elemental cobalt per kg./day for 30 days (i.p.) 
t DCA maintained for 20, 40 and 50 days respectively. ± = Standard Deviation. 

J Cobalt Chloride (1.0 mg. elemental cobalt/kg./day for 30 da 3 's i.p.) and a combination of cobalt chloride and hydrocortisone (7 mg./kg./day 
i.m.) for 57 days in one dog and for 20 days in a second dog. 
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count (27%), hemoglobin (20%) and total circulating red cell volume 
(2%). A second dog treated for an additional 20 days with the combina¬ 
tion, with blood values being determined only after 10 days, also showed 
an elevation in hematocrit (18%), erjdhrocyte count (14%) and hemo¬ 
globin (25%). 

An additional 5 intact dogs were injected with 2.5 mg. elemental cobalt 
per kg./day i.p. and none survived longer than 12 days. Two intact dogs 
were injected with 1.0 mg. elemental cobalt per kg./day subcutaneously 
and after 8-10 days necrosis and .sloughing of the skin were noted at the 
injection site. The lack of toxicity of the lower dosages of cobalt when given 
via an intraperitoneal injection is apparently the re.sult of its being spread 
out over a larger surface area, re.sulting in a more rapid absorption from 
the injection site. Three adrenalectomized dogs were injected i.p. with a 
dosage of 2.5 mg. elemental cobalt per kg./day and none survived longer 
than 5 days. The adrenalectomized animal is known to be more susceptible 
to toxic agents than the intact animal (6). No adrenalectomized dog was 
found with accessory adrenals at autops 3 \ 

A method is also given for quantitating total nucleated cellularity of 
bone marrow, which varies from other techniques previously reported for 
quantitatively assessing total cellularity of bone marrow. The small varia¬ 
tion in counts among intact untreated dogs (Table 3) indicates that within 
limits this technique is a reliable method for estimating quantitatively total 
nucleated cells of bone marrow. A further estimate of the total mj^eloid, 
erythroid and stem cells of bone marrow can be made b}^ determining the 
percentage of the various types of bone marrow cells from the correspond¬ 
ing bone marrow section. Such a technique seems useful in that myelogram 
percentages alone ma}^ accentuate unimportant relationships and yield no 
information concerning the actual numbers of cells present. Volumetric 
techniques are available for quantitating bone marrow cellularity but have 
the disadvantage of diluting the bone marrow tissue excessively when a 
fatty bone marrow is encountered. 

Bone Marrow Cytology .—In order to understand the significant changes 
which occur in the periperal blood of the dog during the administration 
of cobalt or a combination of cobalt and hj’-drocortisone, the status of the 
bone marrow seemed of utmost importance. The results of a study of the 
myelograms and total nucleated cellularity of bone marrows taken from 
some of the dogs seen in Table 1 are shown in Tables 2 and 3. The total 
ertythroid percentages and erjThroid; m^mloid ratios for nonadrenalecto- 
mized dogs receiving cobalt (Table 2) were significantly greater (P <.0p 
and total myeloid percentages were significantly less (P<.01) than m 
nonadrenalectomized untreated dogs. As seen in Table 3, the significant 
increase (P<.01) in total nucleated cells from the bone marrow of non¬ 
adrenalectomized cobalt-treated dogs was due entirely to an increase m 
total erythroid cells with no apparent change in total myeloid cells. The 
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Table 3. The effects of cobalt and a combination of cobalt and hydrocorti¬ 
sone ON THE TOTAL NUCLEATED CELLS OF THE BONE MARROIV OF NORMAL AND 
ADRENALECTOMIZED DOGS 




Total nucleated 

Total erythroid! 

Total myeloid ! 

Total stem 

Trcatmwit 

No. 

cells 

cells 

cells 

cells 


Thousands por mg. bone marroB' tis.suc 


Jnlacl 


Untreated ! 

G 

34.2+ 3.8 

14.1+1.9 

19.G±2.3 

.5 + .6 

Cobalt* j 

5 

59.4 + 1S.2 

38.6±8.1 j 

19.4+4.7 j 

1.2+ .88 


Adrenaleclomizcd—DC A/mg./kg./day 


Untreated 

3 

43.8+ 9.8 

7.1 ±1.9 

36.1+ 8.0 

.51 +.49 

Cobalt* ■ 

2 i 

39.6 + 22.8 

5.0±1.9 

34.2+20.4 i 

.90+ .32 

Cobalt t +Hydro- 
cortisone ' 

2 

24.6+ 8.4 

7.5± .97 

16.0± 8.7 j 

1.19± .60 

1 


* Cobalt Chloride at a dosage of 1.0 mg. elemental cobalt per kg./day for 30 days (i.p.). 
t Cobalt Chloride (1.0 mg. elemental cobalt/kg./day for 30 days i.p) and a combination 
of cobalt chloride and hydrocortisone (7 mg./kg./day i.m.) for 57 days in one dog and for 
20 days in a second dog. 

+ = Standard Deviation. 


increase in total erythroid cells was almost exclusively due to the late 
erythroid series or the orthochromatic normoblast as seen in Figure 3. The 
total stem cells were also increased in nonadrenalectomized dogs treated 
with cobalt. 

DCA-maintained adrenalectomized dogs had bone marrows with a 
significant (P < .01) increase in total mj'eloid cells (Table 3) which was due 
largely to an increase in neutrophilic metamyelocytes, bands and seg- 
menters. The observations on the bone marrow sections reflect changes 
observed in the myelograms (Table 2). Thus, a decrease in the erythroid 
elements and an increase in the relatir'-e numbers of myeloid cells shown 
in tables 2 and 3 are even apparent from a gross inspection of Figure 4. 
A significant decrease in the erj^throid; myeloid ratio (P<.01) occurred 
in bone marrows from DCA-maintained adrenalectomized dogs. No signifi¬ 
cant change occurred in the relative numbers of stem cells in bone marrows 
from long term DCA-maintained adrenalectomized dogs. 

Two DCA-maintained adrenalectomized dogs treated for 30 daj^s with 
cobalt had bone marrow myelograms and total number of nucleated cells 
which were not significantly different from those of DCA-maintained 
adrenalectomized dogs. These findings confirm the total circulating red 
cell volume data showing that cobalt does not stimulate erythropoiesis in 
the adrenalectomized dog. The total number of erythroid cells and eryth¬ 
roid : myeloid ratios (Tables 2 and 3) appeared to be lower in bone mar¬ 
rows from adrenalectomized dogs treated with cobalt (Fig. 5) than those 
of DCA-maintained adrenalectomized dogs but the differences were not 
significant. 
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Two adrenalectomized dogs that had been treated for 30 days with co¬ 
balt and had shown no significant change in red cell volume were con¬ 
tinued for an additional period (57 days in one and 20 days in a second 
dog) on a combination of cobalt and hydrocortisone. As seen in Table 1 an 
elevation in hematocrit, hemoglobin and red cell count resulted along with 
a slight to moderate increase in total circulating red cell volume. Both dogs 
showed some change (Tables 2 and 3) in the total number of myeloid 
cells after treatment with the combination. The results in Table 2 show 
an increase approaching a return to normal of the erythroid: myeloid ratio 
in the bone marrows taken from adrenalectomized dogs treated with both 
cobalt and hydrocortisone concurrently. Another point which desreves 
attention is the reappearance of the vacuolated fat cells (Fig. 6) in the 
bone marrow of an adrenalectomized cobalt-treated dog injected foi an 
additional period with a combination of cobalt and hydrocortisone. 

DISCUSSION 

Some investigators of cobalt polycythemia have concluded that the 
normal dog, when given cobalt orally, fails to respond with a significant 
elevation in blood values (7, 8) similar to other species (9, 10, 11, 12). 
Brewer (13) statistically analyzed the results of several cobalt feeding 
experiments and found that a significant increase in red cell count, hemo¬ 
globin and hematocrit did occur when the daily oral dose exceeded 15 mg. 
per kg. Evidence is presented which establishes proof that the intact dog 
will respond to intraperitoneal injections of cobalt wdth a marked eleva¬ 
tion in total circulating red cell volume. The increase in total erythroid 
cells and erythroid:myeloid ratios of bone marrow from intact dogs 
treated with cobalt confirm the elevation in total circulating red cell vol¬ 
ume and are further proof that cobalt is capable of stimulating hemato¬ 
poiesis in normal dogs. 

It has been found that the adrenalectomized rat shows a moderate 
anemia for the first 20 days after adrenalectomy (14, 15, 16) which is cor¬ 
rected upon the development of accessory adrenals (16). The rat recovers 
from the anemia of adrenalectomy after 30 days (16), whereas the DCA 
maintained adrenalectomized dog still remains anemic 50 days after adren- 


1.0 mg. elemental cobalt per kg. X143. Note increased cellularity along with the greater 
concentration of dark staining erythroid islands. Also note smaller number of vacuolated 
fat cells in comparison with the normal control in Figure 2. 

Fig. 4. Femur marrow from adrenalectomized—DCA (1.0 mg./kg./day) maintained 
dog 22 days after adrenalectomy X143. Note the markedly increased myeloid cellularity 
and complete disappearance of erythroid islands. 

Fig. 5. Femur marrow from an adrenalectomized dog maintained for 20 days on 1.0 
mg. DCA/kg./day and treated for the next 30 da 5 ^s with 1.0 mg. DCA and 1.0 mg. ele¬ 
mental cobalt/kg./day X200. Note increased myeloid cellularity and lack of definitive 
erythroid islands. 
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Fig. 6. Femur marrow from an aclrcnalectomizccl clog maintained for 40 clays on 
1.0/mg. DCA/cla 3 ", treated for the next 30 daj-s with 1.0 mg. DCA and 1.0 mg. elemental 
cobalt imr kg./day and the next successive 57 claj-s with DCA, cobalt and 7 mg. hj-clro- 
cortisone per kg./day X143. Note return of the normal appearance of erythroicl islands 
and vacuolated cells similar to the normal clog in Figure 2. 


alectomy and will go into severe adrenal insufficiency and die within a few 
days if the DCA injections and dietaiy salt supplementation are with¬ 
drawn. The failure of the adrenalectomized dog to develop accessory 
adrenals maj^ explain the inalhlity of the dog to correct the anemia of 
adrenalectomy. The red cell volume in adrenalectomized dogs with or 
without cobalt is significant!}^ less than those of intact untreated dogs. The 
difference in red cell volumes in DCA maintained adrenalectomized dogs 
and adrenalectomized dogs treated for 30 days with cobalt is not signifi¬ 
cant, thus indicating that the removal of the adrenals in dogs renders them 
incapable of responding to cobalt injections with an elevation in blood 
values. 

Swingle et al. (24) have reported that the low values for hemoglobin, 
hematocrit and erythrocyte count Avhich characterize adrenalectomized 
dogs, in some instances, are increased to normal by long continued mas¬ 
sive doses of cortisone. Administration of hydrocortisone or corticosterone 
to normal rats over a prolonged period of time induced a significant eleva¬ 
tion in total circulating red cell volume (17) and the elevation in red cell 
volume achieved in adrenalectomized rats treated with concurrent mjec- 
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tions of cobalt and hj'drocortisone was significantly greater than the addi¬ 
tive effects of either substance injected alone (18). Hydrocortisone and 
cobalt, when injected concurrentlj’- into dogs, improved the hematocrit, 
hemoglobin, erythroc 3 d:,e count and total red cell volume to some degree. 
It seems quite likelj'' that a favorable combination of cobalt and h 3 '^dro- 
cortisone can be found in which the “sjmergistic” action of the two drugs 
can be demonstrated to the same degree as with adrenalectomized rats. 

The failure of adrenalectomized dogs to respond to cobalt injections 
with a change in red cell volume is interpreted to mean that the adreno¬ 
cortical hormones are necessarj'^ for the production of the characteristic 
cobalt polycythemia. The fact that hj'^drocortisone and corticosterone are 
capable of stimulating erythropoiesis in the intact rat (17) and that a joint 
hematopoietic action of a combination of cobalt and h 3 ’^drocortisone is 
exerted (IS) seems proof that the action of cobalt and the adrenocortical 
secretions in stimulating erythropoiesis in synergistic. 

The decrease in the er 3 dhroid: m 3 ’^eloid ratio and increase in total m 3 ’-e- 
loid cells in bone marrow from DCA-maintained adrenalectomized dogs are 
similar to the findings of Gordon et al. (19) for the adrenalectomized rat. 
Fruhman et al. (20) found that the administration of corticosterone to 
adrenalectomized rats resulted in a significant increase in the number of 
nucleated er 3 d;hroid cells and a decrease in the number of neutrophiles 
and eosinophiles within femoral bone marrows. The total erythroid and 
myeloid percentages for the intact untreated dog shown in Table 2 are 
ver 3 ’- similar to bone marrow m 3 felograms from 187 normal adult dogs re¬ 
ported b 3 ’’ Albritton (21). Cobalt injections in adrenalectomized dogs in¬ 
duced no significant change in bone marrow myelograms. However, in¬ 
jections of a combination of cobalt and h 3 '^drocortisone into adrenalecto¬ 
mized dogs partiall 3 ’- restored to normal the er 3 dhroid: myeloid ratio and 
the total nucleated cellularit 3 " of the bone marrow. 

The evidence seems to suggest that cobalt does not produce pol 3 '^- 
cythemia by a direct effect on bone marrow itself (22) but acts second¬ 
arily through an elevation in plasma erythropoietin (23). The most reason¬ 
able h 3 ^pothesis at this time, to explain the role of the adrenal secretions in 
cobalt polycythemia, is that the adrenocortical hormones act S3mergisti- 
call 3 ^ with erythropoietin to stimulate the blood forming organs. 
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CORTICOSTEROIDS AND THE FUNCTIONAL 
CAPACITY OF THE RAT HEART-LUNG 
PREPARATION'.' 
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ABSTRACT 

A technic has been developed for the preparation and maintenance of the 
isolated rat heart-lung. Index of left ventricular work expressed as cardiac out¬ 
put times mean arterial blood pressure was highlj' reproducible for a given set of 
experimental conditions. Order of work performance arranged from highest to 
lowest was as follows: 1) heart-lung from intact rat perfused with blood from 
intact rats, 2) heart-lung from adrenalectomized rat perfused with blood from 
intact rats, 3) intact-adrenalectomized, 4) adrenalectomized-adrenalectomized. 
Corticosterone, but not Substance S, added to the perfusion blood of the intact- 
adrenalectomized preparation restored work capacity toward that of the intact- 
intact preparation. 

F unctional impairment of the cardiovascular sj'stem is a promi¬ 
nent feature of adrenal insufficiency (1, 2, 3, 4), the nature of which 
has been the subject of numerous investigations. In vivo studies suggest 
that the impairment involves reduction in the contractile force of the 
m 3 mcardium (5) as well as inadequacj.- of peripheral vascular functions 
(6). In vitro studies designed to more clearly define the influence of the 
corticosteroids on the heart have included the isolated perfused heart and 
the muscle strip. The diversity of results and the relatively high concen¬ 
trations of steroids emploj^ed make it impossible to reach definitive con¬ 
clusions as to the action of the secretions of the adrenal cortex on the 
myocardium (7). For example, Nasmyth (7) found a depressant action of 
the corticosteroids on guinea pig and rat hearts perfused by the Langendorf 
technic, whereas Tanz et al. (8) described a positive inotropic action of 
9a-fluorohjfdrocortisone on the isolated cat papillary muscle and on the iso¬ 
lated perfused rat heart. 

The present studj^ had two objectives: 1) to establish conditions for high 
reproducibilitj" of work performance of the isolated rat heart-lung and 2) 
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to examine the possibility that the corticosteroids have an influence on 
the functional state of this isolated preparation. Work performance has 
been selected as the index of functional state because of the relative ease 
wth which it may be measured (pressure times cardiac output). 

ANIMALS 

Male rats, 300 to 350 gm. in body weight, were obtained from the Holtzman Farm. 
Bilateral adrenalectomy was performed two to three weeks before the isolation of the 
heart-lung; control animals were subjected to sham adrenalectomy. The anesthetic for 
all surgical procedures was sodium pentobarbital, 40 mg./kg., administered intraperi- 
toneally as a one per cent aqueous solution. Adrenalectomized animals were maintained 
post-operativeb’^ on 0.9% sodium chloride solution; controls drank tap water. Both 
groups were housed in a constant temperature room for at least two weeks before iso¬ 
lation of the heart-lung. They were fed Friskies dog chow ad libitum. Completeness of 
adrenalectomy was checked by inspection of the suprarenal area. 

HEART-LUNG PREPARATION 

The isolated rat heart-lung preparation was similar to that described by Knowlton 
and Starling for the dog (9). In the preparation to be described the lungs were collapsed 
and not functional but the pulmonary vessels were part of the circuit. Blood was con¬ 
ducted by gravity in a thin film over a stainless steel screen in an atmosphere of 95% 
oxygen, 5% carbon dioxide and collected at the bottom of the oxygenator® which served 
as the "venous reservoir.” In a series of preliminary observations it was demonstrated 
that positive pressure respiration induced pulmonary edema which was a major factor 
in limiting the survival of the preparation. E.xtrapulmonary oxj'genation significantly 
prolonged survival time and maintained concentrations of arterial and venous oxj'gen 
of approximately 15 and 12 volumes per cent, respectively. 

The course of the blood in the system was in brief; right heart, pulmonary vascular 
bed, left heart, aorta, innominate arterjq bubble flowmeter, screen o.xygenator, coiled 
tube immersed in constant temperature bath (37° C), inferior vena cava and back to 
right heart. 

A capillary mercurj'' manometer was connected bj' a limb of a T-tube to the circuit 
just beyond the carotid artery catheter. A tunnel clamp was employed to adjust periph¬ 
eral resistance and was located in the circuit immediately before the bubble flowmeter.® 

The operational sequence for the conduct of an experiment was as follows. 1) The 
venous reservoir was charged with 50 ml. of fresh heparinized blood obtained from anes¬ 
thetized donor animals. 2) The trachea of an anesthetized experimental animal was 
connected to a positive pressure respirator. 3) A midline incision was carried from the 
symphysis pubis through the manubrium. 4) The thoracic walls were retracted. 5) The 
right and left superior vena cavae, the left common carotid and both subclavian arteries 
securely ligated. 6) Two loose ligatures were placed under the right common carotid 
arterj' high in the neck. 7) One loose ligature was placed about the thoracic vena cava 
and another about the arch of the aorta just distal to the origin of the innominate artery. 

8) Heparin sodium (1.5 mg.) was injected into the left renal vein. 9) The distal ligature 
under the right common carotid artery was tied. 10) A small arteiy clamp was placed 
on the innominate artery. 11) A catheter was inserted into the right carotid arterj, 

® Dr. Richard Eckstein kindly loaned us this modified Gibbon oxygenator which 
consits of a 2X12X6" rectangular lucite container in which is mounted a stainless stee 
wire screen. 

® The authors will supply details about the plastic tube connections upon request. 
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advanced into the innominate arterj’- and secured with a ligature. 12) Initial infusion 
pressure (venous pressure) was fixed at 10 cm. of water by adjustment of the level of 
blood in the reservoir. In rapid succession 13) the inferior vena cava was cannulated at 
the point where the cava passes through the diaphragm, 14) the aortic arch ligated, 
15) the inferior vena cava catheter secured with a ligature, 16) stopcocks, one on the 
inflow, the other on the onflow tubing, were opened, 17) artificial respiration was termi¬ 
nated. 

The procedures must be performed in a relatively uniform manner, in less than 10 
minutes, and with minimal hemorrhage. After the stopcocks were opened, an initial 
period of instability, less than one minute in duration, characterized by cardiac arrhyth¬ 
mia and unstable arterial pressure, was succeeded by a stable period of variable length. 
During the stable period, mean arterial pressure was maintained at 80 mm. Hg in 
Exp. 1 and 110 mm. Hg in Exp. 2 by adjustment of the peripheral resistance clamp. 
During the stable period,-cardiac output, mean arterial blood pressure, and tempera¬ 
ture of venous blood were periodicall}^ recorded or adjusted. 

Left ventricular work index was calculated as follows: 

.,(C.O.) (P) (D 

where TF = the left ventricular work index in gram-meters per 100 mg. dry heart weight, 
K~a constant composed of conversion factors, C.O. = cardiac output in ml. per min., 
P = pressure in mm. Hg, T = time in minutes that the preparation was able to maintain 
a predetermined level of blood pressure, and il/ = dry heart weight expressed in mg.^ 


RESULTS 

In Table 1 are presented the results of Experiment 1 in which peripheral 
resistance was adjusted to maintain a mean arterial pressure of SO mm. 
Hg. Three preparations were studied; 1) heart-lung from an intact rat 
perfused with blood from intact rats (intact-intact), 2) heart-lung from an 
adrenalectomized rat perfused with blood from adrenalectomized rats 
(adrenex-adrenex), and 3) heart-lung from an intact rat perfused with 
blood from adrenalectomized rats (intact-adrenex). The work index (work 
of the left ventricle during the period in which the preparation was capable 
of maintaining a pressure of 80 mm. Hg) was influenced by the secretions 
of the adrenal gland. The work index of the heart-lung from either adrenal¬ 
ectomized rats or intact rats was at the same low level when the perfusion 
blood was obtained from adrenalectomized rats. The results suggest that 
impairment of functional activity was a consequence of low titers of cor¬ 
ticosteroids and/or epinephrine or of toxic factors in blood from adrenalec¬ 
tomized rats. 


^ The calculated left ventricular work index is not the total work performed b 3 '- the 
left ventricle. Not included is 1) the work performed in accelerating the blood in its pas¬ 
sage from the ventricle into the aorta and 2) that part of the cardiac output which is 
directed into the coronary arteries. In the intact heart, coronary flow is usuallj' a rela¬ 
tively small fraction of the total cardiac output. However, in the isolated heart-lung, 
coronarj' flow maj' represent a relativelj’ high fraction of total cardiac output. We have 
no experimental data to evaluate changes in coronarj' flow in this studj'. For that reason 
we have described our calculation of cardiac performance as an "index.” 
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Table 1. Left ventricular work index of rat heart-lung (exp. 1)> 


Type of preparation 

Intact-Intact^ 

Adrenex-Adrencx'' 

Intact-Adrene.x® 

Number of experiments 

12 

12 

6 

Work Index^ 

444 

I2G 

136 

±S.E. 

±5G 

±31 

±45 


‘ Mean arterial blood pressure = 80 mm. Hg. No glucose added. 

^ Expressed as gram-meters per 100 mg. dry heart weight. 

5 Intact-Intact = heart-lung preparation from intact rat perfused with blood from intact 
rats. 

* Adrenex-Adrenex = heart-lung preparation from adrenalectomized rat perfused with 
blood from adrenalectomized rats. 

^ Intact-Adrenex = heart-lung preparation from intact rat perfused with blood from 
adrenalectomized rats. 


The total work index does not reveal certain characteristics of the three 
preparations. For that reason, cardiac output against time has been plotted 
in Figure 1 for three t 3 ^pical experiments. The marked decrease in cardiac 
output of the heart-lung from the adrenalectomized rat is apparent at the 
beginning of the experiment. In the case of the intact-adrenex preparation 
the cardiac output is initiallj’’ relativelj^ high. 

The results of Experiment 2 in ivhich mean arterial pressure was main¬ 
tained at 110 mm. Hg are presented in Table 2. An additional preparation, 
adrenex-intact was included. Glucose was added at the beginning of the 
experiment to the perfusion blood in a concentration of 100 mg. per 100 ml. 
At the higher level of pressure the ivork index of the intact-intact prepara¬ 
tion was less than that of the same preparation operating at a pressure of 



Fig. 1. Cardiac output plotted against time for three typical preparations in experiment 
1 . Area under each curve is related by a constant to left ventricular work index. 
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Table 2. Left ventricular work index of rat heart-lung (exp. 2)‘ 


Tj'pe of preparation 

Intact- 

Intact® 

Adrenex- 

Adrenex’ 

Adrenex- 

Intact® 


Intact-Adrenex® 

Amount of steroid added 
per 100 ml. perfused 
blood 

0 

0 

0 

0 

10 /ig. 

Substance 

S 

10 Mg. 
Corti¬ 
costerone 

Number of experiments 

18 

15 

15 

15 

5 

5 

Work Index^ 

235 

25 

75 

50 

49 

108 

+ S.E. 

+ 24 

± 4 

±12 

± 5 

± 5 

± 6 


1 Mean arterial blood pressure = 110 mm. Hg, 100 mg. glucose added to each 100 ml. of 
perfusion blood. 

“ See Table 1 for legend. 

’ See Table 1 for legend. 


80 mm. Hg. The impairment in function of the adrenex-adrenex prepara¬ 
tion was even more marked than in Exp. 1. Perfusion of the heart-lung 
from adrenalectomized rats with blood from intact rats had a positive 
effect on work capacity. In contrast to Exp. 1, the intact-adrenex prepara¬ 
tion performed a significantly greater amount of work than the adrenex- 
adrenex preparation. 

Substance S (17Q:,21-dihydroxy-A''-pregnene-3,20-dione) added to the 
perfusion blood of the intact-adrenex preparation induced no change in 
work capacity. On the other hand, corticosterone added in a concentration 
of 10 fig. per 100 ml., significantly improved the work index but did not 
restore it to normal. 


DISCUSSION 

Technics have been described for the preparation of the heart-lung in 
the rat (10, 11, 12, 13). In the study reported here, uniformity of surgical 
procedures, health of animals, extrapulmonary oxygenation, constancy of 
blood pressure, and maintenance of a constant temperature of the perfu¬ 
sion blood have led to the development of a heart-lung preparation which is 
characterized by a high degree of reproducibility of work performance. 

The average cardiac output of the intact-intact preparations in Exp. 1 
was 9.9 ml. per min., which is to be compared with 64 ml. per min. for 
cardiac output in normal rats measured by the direct Fick principle (14). 
Tliis difference between the isolated heart and the heart in vivo in the rat 
is of the same order of magnitude as that observed in the dog. In the intact 
animal, coronar}! flow represents a small fraction of the total work of the 
left ventricle. In the isolated heart, coronary blood flow, which is not in¬ 
cluded in work index, may represent a significant fraction of the total 
cardiac output. Future studies should be directed toward measurement of 
coronarj’’ flow in the isolated rat heart in order to assess work capacity 
more precisely. 

The basis of the impairment of function in the heart-lung deprived of 
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the secretions of the adrenal is unknown. The following experiment sug¬ 
gests that one factor involved is a change in the functional state of the 
m 5 mcardium. Heart-lung preparations were prepared from intact rats and 
from rats adrenalectomized at various intervals prior to testing. Both types 
of preparations were perfused with blood from intact rats. The results 
indicate that a period of at least two weeks must elapse between adrenalec¬ 
tomy'- and testing before a significant reduction in work capacity can be 
demonstrated. Of interest is the fact that after two weeks of adrenal in¬ 
sufficiency myocardial atrophy as measured by dry’- weight (10% less than 
normal) is also definitely established. The mechanism of this myocardial 
atrophy' which develops slowly after removal or destruction of the adrenals 
in the rat and in man (3) is unknown. 

No data are available to evaluate the length of time after adrenalectomy 
which is necessary' to manifest the changes in the perfusion blood which 
induce impairment of function of the heart-lung. The fact that addition 
of corticosterone in a concentration of 10 jug- per 100 ml. partially restores 
the functional capacity of the intact-adrenex preparation suggests that at 
least one acute factor is a deficiency of corticosteroids. However, a toxic 
factor or a deficiency' of epinephrine may' also contribute to the poor work 
performance of the intact-adrenex preparation. 

Substance S was ineffective, corticosterone active, in the isolated system. 
Substance S has no effect on carbohydrate metabolism and has at most a 
slight influence on electrolyte excretion, whereas corticosterone signifi¬ 
cantly influences both types of metabolism in the whole animals. Addi¬ 
tional studies are planned to relate activity of steroids in the whole animal 
and in the heart-lung. 

The fact that certain corticosteroids are quite effective when adn-iinis- 
tered by' the oral route has prompted certain investigators (15, 16) to sug¬ 
gest that the liver exerts an "activating’' influence on the corticosteroids. 
The present study indicates that the liver is not essential for the biological 
action of corticosterone. 
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EXPERIMENTAL DIABETES IN THE CATFISH: 
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ABSTRACT 

Alloxan diabetes has been demonstrated in the common lake catfish bj" corre¬ 
lated histological and blood sugar studies. Anatomical considerations make this 
animal particularly suitable for this work. The conus arteriosus is conveniently 
situated for intravascular injection and serial blood sampling. The concentra¬ 
tion of endocrine pancreas in a principal islet and accessory islets, all with lim¬ 
ited exocrine tissue, facilitates histological preparations. In 237 determinations, 
using a Folin-Malmros micro method modified for fish blood, the normal blood 
sugar value was found to be 59 mg.%, with a standard deviation of 19 mg.%. 
Alloxan was administered through the conus of 50 fish, at 400 mg./kg. In allox- 
anized fish, blood sugar levels of 120-200 mg.% were tj-pical. This hypergly¬ 
cemia persisted through the 96 hour period studied and, in a few fish not sacri¬ 
ficed earlier for histological study, for 14 daj-s, the longest period studied. In 
the intact animal, the principal islet is composed of many, heavily-granulated 
beta cells, with a similar number of other islet cells and a cortex of exocrine tis¬ 
sue. Within 3 hours of alloxan injection, dcgranulation of beta cells was appar¬ 
ent. In subsequent sampling periods, up to 96 hours, degranulation increased, 
accompanied by progressive hydropic degeneration and nuclear disintegration. 
These changes were found only in beta cells. 

T he mechanism of the diabetogenic action of alloxan has been in¬ 
vestigated extensively but without conclusive results. The need for 
better understanding of this phenomenon has been increased by the 
Loubatiere hypothesis of the importance of endogenous alloxan in the 
etiology of human diabetes mellitus. It appears that special features of the 
lower vertebrates maj^ facilitate observations pertinent to this hypothesis. 
These forms offer very large cells, favorable to histological or cytochemieal 
stud}'-, and comparatively slow ph 3 ’^siological responses, which may permit 
identification of functional changes too rapid for observation in mammals. 
Certain teleost fish provide the additional advantage of the concentration 
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of islet tissue in nodules containing little exocrine tissue. Thej^ also provide 
convenient sites for injection and blood sampling, such as the gill arch of 
the toadfish or the conus arteriosus of the catfish. 

Examination of the scantj'- literature of experimental diabetes in fish 
offers little encouragement. Reports are often based on ver}^ small numbers 
of animals and contain manj' conflicting observations. Thej^ agree on 2 
points, the extreme variability of the normal blood glucose levels of fish 
and the comparable variability of response to alloxan. 

Lazarow and Berman (8) have reported iD^perglycemia and beta cell 
lesions in the toadfish, Opsayms, following alloxan injection. The observa¬ 
tions of Nace (11), on the same form, have been less consistent. Grosso (3), 
using the gupp}'^, Lebistcs, has produced beta cell lesions in animals main¬ 
tained in alloxan solutions. This careful and detailed histological study 
includes no blood sugar data and its interpretation is complicated bj^ the 
observations of Patterson, Lazarow and Levj" (15), of the very short effec¬ 
tive life of alloxan under ph 3 fsiological conditions. While LazaroAV and 
Berman mention onlj^ beta cell lesions, Grosso reports significant changes 
in liver, kidney and spleen. 

In a series of 4 reports, Saviano (16) has described the effects of alloxan 
on 3 fish, Scyllmm, MoteMa and Scorpaena. In none of these did he observe 
beta cell lesions comparable to those reported by Grosso and by Lazarow 
and Berman. In all 3 forms, alpha cell lesions were the most consistent 
feature. Hj^perglycemia was found in some animals, but with no uniform- 
itJ^ In Scyllmm, lesions of exocrine cells were a common observation. 
LaGrutta (7) has confirmed the findings of Saviano on Scorpaena. 

Similar exocrine tissue damage was observed by Pallot and Schatzle 
(14), in carp. But these iuA^estigators found no consistent change in alpha 
or beta cells. Doerr (2), with carp and tench, found no histological changes. 
Neither investigator included an}^ blood sugar data. 

In summarj'^, published reports of the action of alloxan in fish indicate 
that hypergl 3 'cemia may occur in some species and that lesions may be 
found in alpha cells, beta cells, exocrine tissue, liver, kidne 3 ^ and spleen. 
To elarif 3 '^ some of the factors concerned in these marked differences among 
genera, an integrated stud 3 ^ of histological and blood sugar responses to 
alloxan among several fish has been undertaken. The present report de¬ 
scribes the consistent and progressive h 3 "pergtycemia and beta cell destruc¬ 
tion found in the alloxanized catfish. 

MATERIALS AND METHODS 

Ninetj' adult catfish, Ictalurus nebulosus, (18) (200-600 gm. ±5 gm.) were placed, in 
groups of 10, in aquaria provided with aerated, circulating, charcoal-filtered tap water 
at 10°-15° C. From each tank, 5 fish were randomly selected and injected through the 
conus arteriosus, as shown in Figure 1, with 10% iced, aqueous alloxan, dissolved less 
than 5 minutes before use. The remaining 5 fish in each aquarium were injected by the 
same route with similar volumes of distilled water and served as controls for blood and 
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Fig. 1, Injection route. 


tissue analj'sis. The allo.xan close used, 400 mg./kg., produced hyperglj’cemia in 92% of 
the experimental fish. At regular intervals, from 3 to 90 hours after treatment, as indi¬ 
cated in Table 1, blood samples were drawn from the conus arteriosus, as suggested by 
Simpson (19), of the treated and control fish. Immediately after blood sampling, ran¬ 
domly selected control and experimental fish were sacrificed bj’’ concussion and islets 
were removed for histological examination. Blood glucose was measured by a Folin- 
Malmros micro method, modified for fish blood (10). After fixation in Bouin’s fluid, de- 


Tabue 1. Blood sue,An* and beta cELut changes afteh alloxan 


Hours 

after 

alloxan 

Mean* blood 
glucose, 
mg.% 

Beta 

granula- 

lationt 

Otlier histological features 

3 

121 +28 

4-II 

l-III 

None 

G 

1G8+30 

l-II 

3-III 

Hydropic degeneration in 1; p 3 'cnotic nuclei in 2 

9 

124+29 

5-III 

Pycnotic nuclei and peripheral granulation in 1 

12 

151+25 

l-II 

4-III 

Slight cj'toplasmic disintegration; pj’cnosis in 2 

24 

1G9+30 

l-II 

4-III 

Cj'toplasmic degeneration in 4 

48 

140 ±12 

l-II 

1- III 

2- IV 

pjmnotic nuclei in 4, hj'dropic degeneration in 2 

72 

157+20 

2-II 

2-III 

Pycnosis in 3; Extensive cytoplasmic degeneration 

9C 

150 + 15 

2-III 

2-IV 

Cytoplasmic and nuclear disintegration in 2; many 
pycnotic nuclei in 2 


* Normal mean blood sugar—59mg.%±19. , Tjnmnn 

t Arabic numerals in granulation column indicate number of fish observed; imn ai 
numeral indicates degree of granulation, from I (normal) to IV (total degranulatjon). 
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hydration in ethyl cellosolve and embedding in 60° Tissuemat, islets were sectioned at 
5g. Sections were stained bj' Scott’s (17) variant of Gomori’s aldehyde-fuchsin, with 
phloxine and fast green FCF counterstains, and by 2 alpha cell methods (1). To avoid 
errors from possible chance variation in staining, slides were stained in randomized 
groups, each of which included control and experimental tissues. Islets of 79 fish, 43 con¬ 
trol and 36 alloxanized, were classified on an arbitrary scale of beta granulation, from 
I (normal granulation) to IV (total degranulation). Using another group of 20 fish, we 
followed blood sugar levels for 14 days, without histological stud 3 ^ 

RESULTS AND DISCUSSION 

Treated fish differed from control animals in blood sugar level and pan¬ 
creatic histology. The morphological and blood glucose changes were 
closely related in time and were progressive through the period studied. 

In the intact fish, the mean value for blood glucose was 59 mg.%, with 
a standard deviation of 19 mg.%. This value was calculated from 237 de¬ 
terminations on 100 normal fish. The total range encountered was 10-120 
mg.%. As is shown in Figure 2, extreme values were infrequent. 

Alloxanized fish reached blood sugar levels as high as 200 mg.%, (the 
upper limit of the method) in 179 determinations on 50 animals. The mean 
value for the experimental group was 121 mg.% 3 hours after treatment, 
more than twice the mean of controls. In Figure 3 are shown the progress 
of the hyperglycemia and the comparable control levels. Six hours after 
treatment, the experimental mean was 170 mg.%, nearly 3 times the 
normal level, A minor drop, at 9 hours, is not statistically significant. Be¬ 
yond this period, hyperglycemia persisted for 14 daj^s, when the experi¬ 
ment was ended. 

Both in magnitude and variability, the values found resemble those re¬ 
ported by Simpson (19) for catfish, and by others (7, 11, 16) for other fish. 



Fig. 2. The distribution of blood sugar levels in control and e.xperimental catfish. 
The frequenc 5 ' shown at the high end of the blood glucose scale may reflect the 200 

^S.% upper limit of the blood glucose method used. Values above 200 mg.% would be 
read as 200 mg.%. 
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Fig. 3. Effect of alloxan on catfish blood glucose. Broken lines beyond 120 
hours indicate reduction of number of fish sampled at each period. 

No indication was found of the hypoglycemia observed by Saviano (16), 
nor was so large a proportion of the treated fish resistant to alloxan. The 
method used precluded observation of the extreme lu^perglycemia found 
by Saviano in Scor-paena, iDut the frequency distribution plotted in Figure 2 
does not suggest that such high values could have been common. The 
eight-fold increase reported for Scorpaena appears unusual for fish or 
mammals, although comparable to that of steroid-treated fowl. (13). 

While the blood sugar changes of the catfish have been found similar to 
those reported by Saviano, the normal histology and the histological re¬ 
sponse to alloxan have been found markedly different. The principal islet 
of the catfish is a nodule, 2-3 mm. in diameter, suspended in the mesentery 
near the anterior third of the splenic artery. Along the course of this artery 
are distributed 40-50 minor islets. In islets of both sizes, the richl}" vascu¬ 
larized endocrine tissue is accompanied by variable, but often extensive, 
endocrine tissue, as shown in Figure 4. The beta cells form the most com¬ 
mon endocrine element, uniformly distributed among alpha cells and a 
third type of cell, without the localizations described for other fish by 
Grosso (3) and Saviano (16). 

In the normal beta cell, most of the cytoplasm is filled with the char¬ 
acteristic granules, stained intensely with aldeh 5 ^de-fuchsin, as shown 
in Figure 5. Striking departures from the normal morphology were found 
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Fig. 4. Normal catfish pancreas, with e.xocrine (A), endocrine tissue (E) and con¬ 
nective tissue capsule (C). Aldehyde-fuchsin, X150. 

Fig. 5. Normal endocrine pancreas of catfish with beta granulation (B). Alpha and 
type 3 cells are intermixed among beta cells. Aldeh 3 'de-fuchsin, XI500. 
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in alloxanized animals. Degranulation was apparent within 3 hours of 
treatment and progressed through the period studied, as shown in Figure 5 
and Table 1. Six hours after treatment, nuclear and cytoplasmic degenera¬ 
tion were apparent, and became more severe in later samples. The con- 



Fig. 6. Pancreatic changes after alloxan. (A) Stage II clegranulation. (B) Stage 
degranulation. (C) Stage IV degranulation, with nuclear and cytoplasmic damage. 
Aldehyde-fuchsin, X1500. 
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tinuation of this trend through 96 hours suggests an alloxan reaction more 
prolonged than that of mammals (9, 12). No definite mitotic figures or 
signs of beta cell recovery were seen, although pairs of cells with small 
nuclei, suggestive of daughter cells of a recent di^dsion, were found in some 
of the late samples and were never seen in intact animals or early samples. 

The tissues studied provided no support for Doerr’s explanation (2) of 
the alloxan resistance of his carp and tench in terms of an extensive supply 
of immature beta cells available for replacement of those damaged by the 
drug. The development, in the catfish, of complete degranulation is equally 
contraiy to the observations of Pallet and Schatzle (14), who have de¬ 
scribed similar reserves of C 3 "prinid fishes. The prominent alpha cell lesions 
reported by Saviano and the marked zymogen cell damage seen by Saviano 
and by Pallet and Schatzle were not apparent in the catfish. 

The absence of all these features indicates that the histological response 
of the catfish resembles that of the guppy (3) and of the common labora¬ 
tory mammals, and differs very markedl 3 '^ from that of other fish, including 
Opsanus,^ Scyllium, Motella, Scorpaena, carp and tench. The clarification 
of this inherent difference, in this particularly favorable experimental ma¬ 
terial, should advance understanding of the mechanism of the diabetogenic 
action of alloxan. The suggestion of Doerr and of Pallot and Schatzle, 
attributing the alloxan resistance of certain fish to cell reserves and cell 
transformations, similar to those described in the rat b 3 ’- Hughes (5) and 
in the guinea pig by Jolinson (6), Hausberger and Ramsey (4) and Woerner 
(20), indicates that comparative studies among fish may be fruitful of 
understanding of beta cell regeneration and the normal controls of a func¬ 
tional beta cell population. 
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BLOOD SUGAR STUDIES IN THE BULLFROG, 
RAN A CATESBIANA'^ 


PAUL A. WRIGHT= 

Department of Zoology, University of Michigan, Ann Arbor, Michigan and the Marine 
Biological Laboratory, Woods Hole, Massachusetts 

ABSTRACT 

Over a period of 2h years, blood glucose values of 154 normal bullfrogs aver¬ 
aged 13.51 mg.% with 28% showing complete sugar absence. No correlation 
could be found between blood glucose level and apparent nutritional state of the 
animal or season of the j^ear. Among factors which induced hyperglycemia were 
repeated removal of blood samples (without albumin restitution), intra-arterial 
glucagon >epinephrine, and extracts of bullfrog, angler fish, and dogfish gastro¬ 
intestinal tissues presumed to contain glucagon. Allo.xan, beef STH, and bull¬ 
frog pituitary extract failed to raise the blood sugar level significantly. Bullfrogs 
were somewhat less tolerant of intra-arterially injected monosaccharides than 
rabbits and responded slowly to exogenous insulin. A brief discussion follows 
on the relationship of these data to the apparently normal maintenance of an 
hypoglycemic state in bullfrogs. 

I N RECENT studies the author has reported either complete absence of 
blood glucose (1) or ver}'- low sugar values (2) for normal bullfrogs. 
Wearn and Richards (3) noted absence of blood sugar in several specimens 
of Rana pipiens, attributing their observations to the fact that the frogs 
had been starved. Apparently little attention was paid to their data since 
there has never appeared, to my knowledge, any published confirmation 
or disagreement. Giese (4) reported that activity of laboratorj'- frogs in 
winter could be improved by glucose injection, but did not indicate that 
anj’' actual blood sugar values were obtained. Related species, i.e., Bufo 
arenanmi (5, 6), Bufo vulgaris, Rana temporaria and Rana esculenta (7), 
at least when tested by two other standard procedures, regularly show 
substantial amounts of blood glucose, and no instance of sugar absence has 
been recorded for an}^ other vertebrate (8). 

The discoveiy of active vertebrates Avith little or no blood sugar na¬ 
turally prompted us to look into a variety of factors which might account, 
separate^" or in combination, for the anomalous values obtained. The ex- 
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periments reported here were designed in the hope of finding some key to 
the seeming enigma of bullfrog blood glucose. 


MATERIALS AND METHODS 

Frogs, with a weight range of 80 to 700 gms., were purchased from collectors in Louisi¬ 
ana and Wisconsin except for several specimens found locallj" in the vicinity of Woods 
Hole during the summer months. After arrival the animals were stored in granite laundry 
trays in shallow running water so that their body temperatures were maintained between 
16° and 20° C. Because the frogs were used within ten days, no attempt was made to 
feed them except where specifically mentioned below. 

Blood samples were always taken from the conus arteriosus after posteriorly pithing 
the frog, exposing the pericardial area, and routine heparinization (5 mg./kg.). Since 
repeated samples from the same frog were often desired, a method was devised whereby 
a #22 hypodermic needle was left inserted in the right ventral aorta throughout the 
experiment. All injections were made and all blood removed via this route simplj' by 
attaching and detaching various syringe barrels to the stationary needle. Any other 
method which involved multiple arterial punctures invariably resulted in large blood 
losses. Some experiments consumed as much as four hours with good circulation main¬ 
tained throughout; most experimental procedures were completed in less than two hours. 

Blood sugar levels were determined according to the method of Nelson (9), except 
that 0.04N NaOH was substituted for distilled water and Ba(OH)» in making protein- 
free filtrates. Duplicate filtrates were made on several occasions with H:SOj and sodium 
tungstate, but these gave identical sugar values to those made with NaOH and ZnS 04 . 
It should be pointed out that the Nelson technique, because of its greater specificity, 
gives sugar values 10-15% lower than most other cupric reduction procedures. 

EXPERIMENTAL PROCEDHRE8 AND RESULTS 

Normal blood sugar values for some 154 animals over the 2| years of 
this stud}^ gave an average reading of 13.51 mg.%. Distribution of these 
values over the year (Fig. 1) indicates a tendency for lower glucose readings 
during the months that northern animals customarily spend in hibernation. 
Since more than two-thirds of the frogs in this study came from Louisiana 
where the species is active throughout the year, it is not likely that the 
preponderance of low glucose values could be attributed entirely to the 
hibernation state. The general year-aroimd occurrence of instances of 
glucose absence tends also to indicate against activit}^ as the controlling 
factor. 

A large majorit}^ of the frogs was autopsied in an effort to correlate 
presence of food in the stomach with blood glucose level. No relationship 
could be discovered, however, since many animals whose stomachs ivere 
distended with digesting crayfish had no detectable blood glucose, wliereas 
many frogs with empty stomachs had some of the higher sugar values ob¬ 
tained. A force-feeding experiment was carried out on six frogs by daily 
rations of beef Ih^er for a period of two weeks (February). Blood glucose 
on the fifteenth day showed four animals with sugar absence and two with 
onl}" 5 mg.%. Four animals which received 100 mg. of glucose (5% 
aqueous solution) intrapeiitoneally Wice daily for four iveeks, and twice 
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Fig. 1. Blood glucose values for 154 intact bullfrogs as distributed over the j’ear. 
For convenience months have been divided into thirds, vis., 1st to 10th, 11th to 20th, 
and 21st to 31st. Open circles, 1956; half-closed circles, 1957; closed circles, 1958. 


weekl)' feedings of beef liver, all gave zero glucose values when blood was 
taken 16 hours following the last glucose injection. 

Among experimental procedures which resulted in some amount of 
hj'perglj^cemia, a reduction in blood volume (and, consequent!}'-, blood 
pressure) b}' hemorrhage or repeated removal of blood samples was of 
primaiy importance in interpreting earlj" experimental data. Figure 2 
shows the progressive hj'perglj'^cemic effect of taking numerous blood 
samples and the correction of this difficulty by injection of an equal volume 
of 3% human blood albumin in Ringer’s solution following remoAml of 
each blood sample. Fortunately, the hypergylcemic effect of reduced blood 
volume was discovered early in experimentation so that routine replace¬ 
ment of blood with albumin was an integral part of all experiments reported 
below. It is assumed without any supporting evidence that h 3 ^perglycemia 
following a drop in blood volume and blood pressure comes about re- 
flexly, as in mammals, through the endogenous release of epinephrine or 
through general S3mipathetic stimulation. 

Response of bullfrogs to glucagon injection is dramatic, but is probabl}" 
more closely related to some uncontrollable factor such as the indefinable 
nutritional state of the animal than to the dosage of hormone adminis¬ 
tered (Table 1). The sharpest rise in blood sugar level occurs within the 
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Fig. 2. Spontaneous development of hyperglycemia due to taking of repeated blood 
samples every 20 min. (open circles). Maintenance of nearly constant blood glucose 
level when blood as removed is replaced at once with equal aliquots of 3% blood albu¬ 
min in Ringer’s solution (closed circles). March. 


first 20 minutes after glucagon injection, the peak response ordinarily oc 
curring, with amorphous glucagon, within the first 40 minutes. Crystalline 
glucagon seemed to produce somewhat lower levels of hyperglycemia dur¬ 
ing the first 20 minutes, but the effect urns a progressive one up to at least 
90 minutes after injection. In contrast to these data, epinephrine injection 
(10) raised the blood sugar level by much smaller amounts (av. 32 mg.%, 
max. 45 mg.%). 

In view of the difference in degree of response to epinephrine and gluca¬ 
gon, it seemed interesting to investigate the effects of a second dosage of 
either epinephrine or glucagon after an original administration of one of 
the hormones had had ample opportunity to act. Results (Table 2) showed 
that even though a moderate dosage of glucagon had been allow^ed to exert 
its effect, a second dosage produced a still greater degree of hyperglycemia. 
If glucagon was administered 40 minutes following a dosage of epinephrine, 
a second, more marked, wuve of hyperglycemia occurred. If, on the other 
hand, epinephrine was injected 40 minutes after administration of gluca¬ 
gon, no noticeable hyperglycemic response was produced by epinephrine. 

Alloxanization (up to 800 mg./kg. intraperitoneall}'-) failed to induce 
any hyperglycemia nor anj" detectable islet damage upon microscopic 
examination of Gomori-stained tissue. Animals seemed to tolerate the 
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Table 1. Response of bullfhogs to intra-arterial injection of glucagon* 


Date 

Glucagon 

Dosage, 

f<g./kg. 

Blood sugar, mg. % at 

0 min. 
(initial) 

20 min. 

40 min. 

60 min. 

90 min. 

3-19 

amorph. 

10 

0 

4 

0 


2 

7-15 

10 

25 

24 

22 

27 


4- 2 


25 


112 






30 

25 

94 

88 

107 

141 

4- 3 


40 

36 

98 

103 


138 

5-17 


50 

12 

47 

77 



5-17 


100 


81 

88 



5- 5 


150 


96 

125 

■EH 


5-21 


200 

15 

60 

42 



5-24 


200 


170 

209 

252 


1-15 

cryst. 

10 

0 

0 

5 

0 

4 

1-15 

25 

25 

83 

135 

141 


1- 9 


50 

4 

54 

63 

75 


7-15 


100 

36 

65 

69 

86 

93 

7-10 


200 

19 

33 

37 

41 

50 


* Dr. W. R. Kirtley, Lilly Laboratories, gratefully supplied the glucagon used. Amorphous 
glucagon was from batch #25S-234B-40 and crystalline glucagon from lot #258-234B-54-2. 
Both were used as a 0.02% solution in glycine buffer, pH 9.4, stored in a refrigerator. 


alloxan well, as there was no mortality among six animals for ten days 
following injection of the drug. Attempts to induce the diabetic state by 
total or subtotal pancreatectomj'- were unsuccessful, for no frog survived 
longer than an hour or two following the operation. A large portion of the 
frog pancreas surrounds the common bile duct and a portion of the the 
hepatic portal vein, making even subtotal pancreatectomy extremely dif¬ 
ficult. 


Table 2. Response of bullfrogs to repeated dosages of hyperglycemic agents 


Date 

Original 
agent inj. 
at 0 min. 

Blood sugar, mg.% at 

Second 
agent inj. 
at 40 min. 

Blood sugar at 

0 min. 
(initial) 

20 min. 

40 min. 

60 min. 

80 min. 

4-26 

AG* 

34 

74 

87 

AG 

116 

201 

5- 1 

AG 

25 

46 

40 

AG 

75 

134 

5- 3 

AG 

3 

59 

50 

AG 

71 

100 

4-29 

AdClt 

0 

5 

19 

AG 

73 

127 

5- 8 

AdCl 

15 

20 

30 

AG 

112 

118 

5-10 

AG 

3 

74 

85 

AdCl 

70 

80 

5-10 

AG 

38 

92 

102 

AdCl 

83 

82 


* Amorphous glucagon, 100 ;ig./kg. 
t Adrenalin chloride, Parke, Davis Co., 100 ng./kg. 


Administration of beef STH® also failed to induce hypergl 3 '-cemia both 
when given in twice-dail}" intraperitoneal injections (2.5 mg. each) for two 
days prior to pithing and when given, like glucagon, intra-arterially (5 mg.) 
following pithing. Injection of crude bullfrog anterior lobe extract (Ringer) 


’ Supplied bj’ Dr. Sanford L. Steelman, Armour Laboratories. 
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induced a veiy small (10-15 mg.%) rise in blood sugar 40 minutes after 
injection. Nothing is known of the STH content, if anj^, of such a prepara¬ 
tion. Four bullfrogs, ly^pophysectomized from 3 to 7 da 3 ^s previously, had 
no detectable blood glucose. 

Extracts of gastro-intestinal tissues of the bullfrog, prepared according 
to the method of Sutherland and de Duve (11), showed the presence of 
some moderately potent hyperglycemic agent presumed to be glucagon in 
pancreas >gastric mucosa > duodenum. These preparations were incubated 
for 4 hours in 0.1% cysteine to destro 3 '' any possible traces of epinephrine 
or its analogues. Blood glucose rises of from 20 to 65 mg.% were achieved 
within 40 minutes after intra-arterial injection of these extracts, dosages 
(0.5 to 1.0 cc. in volume) being equivalent to 0.25 to 1.0 gm. of fresh tis.sue. 
Injection of these same dosages into rabbits failed to induce an 3 ^ hyper- 
gl 3 ^cemia, suggesting that amphibian glucagon, if present in these extracts, 
differs significantl 3 f from mammalian glucagon. 

Injection of 0.5 cc. extract (representing 0.4 gm. fresh tissue) of the 
principal islet of the angler, Lophius piscalorius, induced a 41 mg.% rise 
in frog blood glucose in 40 minutes. There was a 46 mg.% rise in blood sugar 
of a bullfrog 40 minutes after injection of 1.0 cc. extract (1 gm. fresh tissue) 
of dogfish, Musielus canis, pancreas. Extracts of bullfrog pectoralis muscle 
prepared in the same wa 3 ^ as the above tissues, induced some h 3 "pergl 3 ’-- 
cemia (as much as 50 mg.% in 40 minutes) before incubation with C3^steine, 
but this potenc3'’ was completely lo.st after C3’'steine treatment. 

Sugar tolerance tests on bullfrogs showed them to compare favorably 
vith mammals in abilit 3 ^ 1 o bind injected monosaccharides and evenmaltose. 
Injection of Evans blue and subsequent colorimetric anal 3 ’’sis showed the 
blood volume to be 6.5 to 7% of bod 3 '’ weight. On this basis bullfrogs con¬ 
vert 52% of glucose (4 cases), 51% of galactose (3 cases), 49% of fructose 
(4 cases), 45% of arabinose (2 cases), and 38% of mannose and maltose 
(2 cases each) within five minutes after intra-arterial injection, each sugar 
dosage having been calculated to raise the blood sugar level by 100 mg.%. 
The relatively sIoav h 3 ^pogl 3 ^cemic action of insulin is well demonstrated 
when the hormone is used to modif 3 '- the tolerance curves of glucose and 
fructose (Table 3). 

Simultaneous injection of monosaccharide along with ciystalline gluca¬ 
gon gave interesting results (Table 3) in that injected sugar seemed to in¬ 
hibit the continuing hyperglycemic action of glucagon. Equally interesting 
is the observation that glucagon injection did not inhibit the usual amount 
of gl 3 'cogenesis which normall 3 '' followed injection of these sugars. 

DISCUSSION 

This paper has not attempted to deal with perhaps the most intriguing 
problem presented b 3 ’' bullfrogs, i.e., how can such a vertebrate manage to 
survive, or indeed show appreciable activit 3 '-, with blood glucose unavail- 
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Table 3. Effect of insulin and glucagon on the monosaccharide tolerance 

CURVES OF BULLFROGS 



1 



Blood sugar, mg.% at 


Date 

Sugar* 

Hormonet 

0 min. 
(initial) 

5 min. 

30 min. 

1 

1 GO min. 

1 90 min. 

3- 6 

Fructose 

None 

48 

84 

94 

i 

79 

74 

3- 8 

Glucose 

None 

33 

80 

86 

72 

70 

3- 5 

Fructose 

4 u. 

Insulin 

34 

107 

90 

63 

48 

3-25 

Fructose 

8 u. 

Insulin 

0 

54 

27 

22 

38 

2-22 

Glucose 

4 u. ' 

Insulin 

20 

53 

43 

36 

26 

3- 1 

Glucose j 

4 u. 

Insulin 1 

9 

68 

44 

32 

25 

3-20 

Glucose 

8 u. 

Insulin 

0 ' 

59 

44 

37 

33 

3-26 

Fructose 

Glucagon 

1 

47 

26 

38 

38 

3-26 

Glucose 

Glucagon 

5 , 

55 

32 

35 

1 

35 


* Sugar dosages were calculated to raise the blood sugar level by 100 mg.% on the basis 
of body weight and were administered in 0.1% saline solution immediately after initial 
blood sample. 

t Insulin or glucagon was given intra-arterially 10 minutes after sugar. Insulin was Iletin 
Lillj' (40 units per cc.) and glucagon was crystalline in a dosage of 50 ^tg./kg. 


able or in extremelj’’ short supply? The fact that more than 25% of animals 
tested showed absence of glucose indicates that the whole species must 
be subject at one time or another to lack of blood carbohydrate. It may be 
convenient to say that frog tissues have become accustomed to doing 
without ready sugar, but to make this statement in no way answers the 
question of how cells have modified their metabolism to meet this unusual 
circumstance. The answer to this phase of the problem must be provided 
by biochemical studies at the level of blood-tissue interrelationships. Any 
suggestions presented at this time would be merely guesses for lack of in¬ 
formation; nevertheless, the subject is a tempting one for much speculation. 

As to explanations for the maintenance of blood glucose at such low 
levels, the results presented in this communication have not appeared to 
answer that phase of the problem, either. Except possibly for its negative 
response to STH and the minimal response to pituitary extracts, the frog 
seems to react to experimental procedures in virtually the same manner as 
higher vertebrates which customaril}'^ maintain considerably higher blood 
glucose levels. Progs were even less tolerant of injected sugar than rabbits, 
which in our laboratory converted an average of 75% of glucose within 
five minutes after intravenous injection, as opposed to the frog’s 50% or 
so. This response indicates that frogs perhaps have a relatively lower level 
of circulating insuhn, and therefore have the capacity for maintaining a 
higher level of blood glucose than do rabbits. It may also be inferred from 
the results of monosaccharide injection that the appearance of sugar in 
the blood stream does not induce a surge of endogenous insulin secretion 
which, if prolonged, might account for the maintenance of low Sugar 



558 


WRIGHT 


Volume Ql^ 


levels. The slow response to exogenous insulin indicates a relative insen¬ 
sitivity of frog tissues to this hormone, and would tend, if anything, to 
allow hyperglycemia rather than the severe hypoglycemic condition en¬ 
countered. 

Responses to glucagon put the frog in the mammalian category, apart 
from the only other amphibian whose reaction to glucagon has been tested. 
Miller and Wurster (12) found that glucagon did not raise blood sugar in 
Taricha torosa. This salamander also has normally low blood glucose (15 to 
20 mg.%), but not glucose absence, and does not appear to have alpha cells 
within its pancreatic islets. Bullfrogs definitely have islet cells which give 
the customary reactions of alpha cells when stained with Gomori’s chrome 
hematoxylin and phloxin or with aldeh 3 Me fuchsin and trichrome (author’s 
unpublished study). 

The failure of bullfrogs to respond to beef STH and the weak response 
to a frog pituitary extract should have further investigation. It would 
also be helpful, indeed, to know the response to STH as isolated from fish, 
or better still, frog, pituitarj^ glands, for it is very possible that the frog is 
insensitive to this pituitarj’’ factor as derived from a mammal. If STH 
from lower forms failed to induce h}'pergl 3 memia in frogs, it is entirely 
possible that an explanation for the Avidespread hypoglycemia could lie 
in that relationship. Even though glucagon appears to be present in frog 
gastro-intestinal tissues, it may not function in the absence of a factor to 
effect its release. In that event, leA’-els of insulin, however high or Ioav, 
would then be unopposed and could account for the normall 3 ’’ h 3 'pogly- 
cemic state. 
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STUDIES ON THE MECHANISIM OF HYPOTHALAMIC 
CONTROL OF THYROTROPIN SECRETION: EFFECT 
OF THYROXINE INJECTION INTO THE HYPO¬ 
THALAMUS OR THE PITUITARY ON 
THYROID HORMONE RELEASE^ 

TAICASHI YAMADA and MONTE A. GREER 

Division of Endocrinology, Department of Medicine, University 
of Oregon Medical School, Portland, Oregon 

ABSTRACT 

In an attempt to ascertain whether or not th 5 'roxine can change h 5 "po- 
thalamic as well as pituitarj^ activity in regulating thyrotropin secretion, micro- 
injections of thj^roxine were made directlj’’ into a localized area of the hypo¬ 
thalamus or into the anterior pituitary. Determination of thjwoid secretion 
was utilized in evaluating possible changes in thyrotropin secretion. Inhibition 
of thj'rotropin secretion was produced by injection of thyroxine into either the 
“thyrotropin area” of the hypothalamus or into the anterior pituitary. Injec¬ 
tion into the subarachnoid space or into other areas of the hypothalamus was 
without effect. Hypothalamic injections had a latent period of six to nine hours 
before thj-rotropin secretion was inhibited, whereas the inhibition was imme¬ 
diate after pituitary injections. The duration of inhibition was appro.ximately 
20 hours in either location. It is suggested that two separate mechanisms might 
control thyrotropin secretion, a slower one acting through the central nervous 
system and a direct one in the anterior pituitary itself. 

M any workers have studied the effect of hypothalamic lesions, pitui¬ 
tary stalk section or electrical stimulation of the hypothalamus on 
thjwoid function. Recent studies Greer (1, 2) have demonstrated that 
destruction of the anterior hypothalamus of the rat prevents the thyroid 
hypertrophy which normally follows propylthiouracil treatment. This has 
been confirmed bj'^ Bogdanove and Halmi (3) and others (4, 5). It thus 
seems well established that the hypothalamus pla 5 '’s an important role in 
the control of th 3 Wotropin secretion bj'^ the pituitarj". 

It has been postulated that thj’roid hormone controls th 3 Totropin secre¬ 
tion by altering the activit 3 '^ of the h 3 'pothalamus and thereb 3 '^ the pitui- 
tar 3 '^ (6). Such a h 3 "pothesis is attractive, but there is no actual proof of 
this mechanism and the primar 3 r role of the h 3 '^pothalamus is still uncertain. 

In the present stud 3 ", in an attempt to ascertain whether or not th 3 Toxine 
can change h 3 '^pothalamic as well as pituitar 3 '^ activity in regulating thy¬ 
rotropin secretion, microinjections of th 3 woxine were made directL’^ into a 
localized area of the h 3 '^pothalamus or into the anterior pituitary. Deter- 

Received August 11, 1958. 
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mination of thyroid secretion was utilized in evaluating possible changes 
in thyrotropin secretion. 


MATKUIALS AND METHODS 

Fortj' seven adult male Holtzman rats, weighing 212 to 344 gm., were used. Animals 
were fed a Remington low iodine diet- for at least 7 days in order to get a high uptake of 
by the thyroid gland. Animals used in the hypothalamic injection experiments were 
divided into three groups; Posterior, Anterior and Pre-optic. The number of experi¬ 
mental and control animals in each group is shown in Table 1. 


Table 1. Summary of the results of saline and thyroxine injection into the 

IIYPOTIIALMUS or PITUITARY ON THYROIDAL SECRETION 


1 

Saline 
controks 
(No. of 
animals) 

Tli 3 'roxine injection 

Inhibition 

No. of 
animals 

i 

Exhibiting depressed 
thj'roid secretion 

Onset aft. 
T4 inj. 
(hrs.) 

Duration 

(hrs.) 



Hypolhalamus Group 







I. Post. 

2 

3 

1 

33 

12 

16 

II. Ant. 

7 

18 

10 

89 

8.5±1.2> 

20.6 + 1.1 

III. Pre. Op. 

— 

2 

0 

0 1 

— 

— 

Pituitary Group 

1 






Pituitarv 

3 

4 

4 

100 

<0.5 

20.6+6 

Subarachnoid space 

2 

2 

0 

0 

— 

—— 


‘ Mean and S.E. 


Number 27 hypodermic needles, 0.3 mm. in external diameter, were inserted in the 
midline with a stereotaxic instrument (11) employing the following parameters for each 
group; Posterior, 4.5 mm. anterior to the car bar, 8.5 mm. deep (from the top of the skull); 
Anterior, 6.5-7mm. anterior, 8-8.5 mm. deep; Pre-optic, 8 mm. anterior, 8 mm. deep. 
In the Pituitary group, the needles were inserted in the anterior lobe. After insertion, the 
needle was fixed to the skull by four watch case screws (Fig. 1). 

Z-Thyroxine in propylene glycoP was diluted witli physiological saline to a concentra¬ 
tion of 0.25 gg. thyroxine /0.02 ml. saline. 

Twenty-four hours after the intraperitoncal administration of 20 gc. of P^*, 30 mg. of 
propylthiouracil in 10% gum acacia solution was given subcutaneously daily at rotated 
sites to block the reaccumulation in thethyroid of I”' liberated from degradation of endog¬ 
enously labeled tliyroxine. Counts over the thyroid region were made five times daily 
under light ether anesthesia by means of an externallj’’ placed scintillation counter and 
each point was expressed as a per cent of initial (24 hour) thyroid uptake and plotted on 
semi-log paper. 

After obtaining a straight line of more than five individual points, 0.25 gg. Z-thyroxine 
contained in 0.02 ml. saline was injected into the hypothalamus, pituitarj’’or subarachnoid 
space through the needles previously fixed to the skull. In the control animals of eacli 
group, 0.02 ml. saline were injected in the same way. The ‘‘dead space” of each nee ie 
was taken into account when calculating the volume injected. This averaged 0.02 ml. 

= Iodine Deficient Test Diet supplied by General Biochemicals, Inc., Chagrin Falls, 
Ohio. 

^ Kindly supplied by Dr. A. E. Hcming, Smith, Kline & French Laboratories. 
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Fig. 1. Needle inserted into the anterior hypothalamus of a rat. (a) Photograph of 
rat with needle in place; (b) Radiograph of skull with fixed needle. 


In the animals in whicli a possible stress effect of the microinjection was studied, 
0.02 ml. physiological saline was injected into the anterior hj'pothalamus or the pituitar 3 ^ 
one hour after P’* injection, and the 24 hour uptake b}' the th 3 ’roid gland was measured 
by in vivo counting. 

The e.xact position of the needles, c 3 'tological reaction around the needles, lesions due 
to the needles and possible infection were studied in 21 of the 29 th 3 TOxine-injected 
animals in serial histological sections cut at 10 ft and stained with hematox 3 din-eosin. 

RESULTS 

ThjToid hormone release in the non-operated control group was meas¬ 
ured for about 100 hours. The plots obtained in four animals were expo¬ 
nential throughout the period of the experiment, although several points 
3vere rather irregular. 

Before starting the microinjection experiment using thyroxine, the effect 
of systemic injection of thyroxine (0.25 jug.) and the possible non-specific 
effect of microinjection into the hypothalamus and the pituitary 3 vere 
studied. None of the animals which received a systemic injection of 0.25 
fig. thyroxine sho3ved a change in the release slope (Fig. 2). However, 
complete plateauing of the slope or slo3ving of the rate persisted for about 
19 hours in animals that received systemic injections of 5 jug. thjToxine. 
Onset of inhibition seemed to be rvithin four hours in all affected animals. 

The effect of microinjection of saline into the hypothalamus or the pitui¬ 
tary on thyroidal uptake of is shown in Fig. 3. The 24-hour uptake was 
20.8%, 18.7% and 19.9% respectively in the Anterior (hj^pothalamic) in¬ 
jection group, the Pituitar}'- group and the untreated control group. 
Statistically there was no significant difference between them. 

1. Effect of Hypothalamic Injection of Thyroxine on Thyroid Hormone Secre¬ 
tion 

In the Posterior group, a change of slope was observed in one of three 
experimental animals. Twelve hours after injection, thjwoidal secretion 
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SYSTEMIC INJECTION 

OZ3,T, 



Fig. 2. The effect of systemic injection 
of 0.25 ng. ^-thyroxine and subsequent 
S3^stemic injection of 5 jUg. /-thj'ro.vine on 
thj'Toid hormone secretion. After 0.25 fig. 
no change was produced, but after 5 fig. 
transient complete inhibition occurred. 



Fig. 3. Effect of saline injection into the 
anterior hypothalamus and the pituitar}' 
on thyroidal radioiodine uptake. 0.02 ml. 
saline was injected one hour after F” in¬ 
jection in the hj'pothalamus and pituitary 
group. Number of animals is indicated in 
parentheses. 


was completely inhibited. This inhibition persisted for 16 hours. 

In the Anterior group, a cliange in rate occurred in 16 of 18 animals. 
The time of onset varied from animal to animal, but most striking was 
the fact that inhibition occurred 2 to 16 hours, usually 6 to 9 hours, after 
thyroxine injection (average 8.5 hours), while in only two animals did a 
change in slope occur immediately. The duration of inhibition also varied 
from animals to animal, but there was less fluctuation than Avith time of 
onset. The average length of inhibition Avas 20.6 hours. In most of the 
animals, complete flattening occurred (Fig. 4), but in some animals only 
a change of slope AA’as observed (Fig. 5). It Avas difficult to detect any re¬ 
lationship betAA^een the onset of change, degree of change, or its duration. 

In the Pre-optic group, none of the experimental animals shoAA'ed a de¬ 
creased thyroidal secretion after th;>Toxine injection. In no instance did 
injection of saline change the rate of loss of I’®* from the tlDU-oid. 

Thyroxine AAms injected tAAuce in five animals, three of the Anterior 
group and tAAm of the Posterior group. A change in th 3 Toidal secretion rate 
occurred both times in the Anterior animals. The onset of change and the 
duration AA^ere in good agreement in all three rats (Fig. 6). In the Posterior 
animals no change AAms produced bj’’ either injection of th 3 TOxine (Fig. 7). 

II. Effect of Injection of Thyroxine into the Pituitary on Thyroid Hormone 
Secretion 

In the Pituitary group, it AAms observed that a change of slope occurred 
immediatel3'^ after th3'-roxine injection in all four animals, Avhereas them 
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HYPOTHALAMIC INJECTION 



Fig. 4. Ten hours after injection of 0.25 
jUg. f-thyro.\-ine into the anterior hj'po- 
thalamus, complete inhibition of thyroidal 
secretion occurred and lasted approxi¬ 
mately 30 hours. 



Fig. 5. Five hours after injection of 0.25 
jug. Z-thyroxine into the anterior hypo¬ 
thalamus, a change of slope occurred which 
lasted about 14 hours. 


was no effect from saline injection into the pituitaiy nor from thyroxine 
introduced into the subarachnoidal space under the pituitary. In two of 
four experimental animals the slope became completely flat (Fig. 8), while 
in anotlier two animals only a slowing of the rate occurred (Fig. 9). Dura¬ 
tion of the inhibition of th 3 T’oidal secretion varied from animal to animal 
as in the hypothalamic experiment, but the average was 20.6 hours, being 
very close to that produced by lypothalamic injection of tlijn-oxine. 


HYPOTHALAMIC INJECTION 



Fig. 6. Repeated experiments in the 
same animal of the anterior hypothalamus 
group. The first experiment is above and 
the second below. In both experiments, in¬ 
hibition occurred about ten hours after 
thyro.xine injection and lasted for 14 hours. 


HYPOTHALAMIC INJECTION 



Fig. 7. Repeated experiments in the 
same animal of the posterior hypothalamus 
group. In both experiments, no change in 
tlwroidal secretion was produced after 
thj'fo.vine injection. 
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PITUITARY INJECTION 



10 20 30 40 50 60 

Tlmf }n Hourt 


Fig. 8 . Soon after the injection of T 4 
into the pituitar}', complete inhibition 
lasting 24 hours occurred. 



10 20 30 40 60 80 100 

Timi in Houn 


Eig. 9. In tliis animal, following thj’- 
roxinc injection into the anterior pituitary, 
the slope changed but did not completely 
flatten. This partial inhibition lasted for 
about 25 hours. 


III. Histological Examinations 

The position where the needles were inserted is shomi in Fig. 10. In the 
Posterior group, the needle in the animal which gave a positive result 
was situated nearer to the so-called “thyrotropin area” than in the animals 
which had no change in thyroidal secretion after th 3 TOxine injection. 

In the Anterior group, in all animals studied the needles were situated 
in the thyrotropin area. It was of interest that, in the two animals which 
gave a negative result, the needles penetrated slightly through the base 
of the h 3 "pothalamus, indicating that the injected th 3 a’oxine ma 3 '' not have 
entered the hypothalamus. 



Fig. 10. Diagram of the position of the inserted needles. Solid circles indicate a nega¬ 
tive effect and open circles a positive effect. The thj'^rotropin area is surrounded by a 
stippled border. P.V. = paraventricular nucleus, III V. =third ventricle. Ant. =antenor 
h 5 ’^pothalamic area, Sch. N. =suprachiasmatic nucleus, V.M. = ventromedian nucleus. 


M.E. = median eminence, M.B. = mamillary body, PIT = pituitary. 
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In the Pre-optic gi’oup, the needles were located anterior to the thj^ro- 
tropin area in both animals. In the Pituitary group, the needles were in the 
anterior pituitarj^ in all animals; the}’- were just below the pituitary in the 
Subarachnoidal group. 

There was no definite correlation of the anatomical position with the 
degree or duration of inhibition. Some cytological reaction around the 
needles was observed, but it was veiy slight. No lesions or infection due to 
the needle insertion were found. 

DISCUSSION 

Previous studies have shown that onl 3 '’ lesions in the so called “thyro¬ 
tropin area” of the hypothalamus, in the midline between the paraven¬ 
tricular nucleus and the median eminence, consistently result in diminu¬ 
tion of thyrotropin secretion bj’^ the pituitar}'^ (7). It has also been shown 
that the neocortex is not essential to thyrotropin release in the rat (8). 
Such studies suggest that the h 3 '^pothalamus may be a primary center con¬ 
trolling thjTotropin secretion from the pituitar}^ although the possibility 
remains that the hypothalamus is merely an intermediate area transmit¬ 
ting impulses from higher centers to the pituitary. 

Von Euler and Holmgren (9) reported that microinjection of sj^stem- 
ically ineffective amounts of thyroxine directly into the anterior pituitary 
would cause a decrease in the release of radioiodine from the rabbit th}”^- 
roid but that the same amount of thyroxine was without effect when in¬ 
jected into the median eminence or other parts of the hypothalamus. 
They concluded that the inhibitory effect of thyroxine on thyrotropin se¬ 
cretion was produced only bj’^ direct action on the anterior pituitarj'’ (9,10). 

In the present studj^, however, inhibition of thjTotropin secretion was 
produced by injection of thyroxine into either the “thjnotropin area” of 
the hypothalamus or into the anterior pituitarj". As previously shown bj" 
Von Euler and Holmgren (9), injection into the subarachnoid space was 
ineffective. Thyroxine placed in other areas of the hypothalamus was also 
without effect. The two animals injected into the “thyrotropin area” in 
which no inhibition was produced apparently had leakage of the thjToxine 
into the subarachnoid space, as indicated by the histologic sections of the 
hj^pothalamus. 

No effect from the injection of similar amounts of saline on either thj"- 
roidal secretion or radioiodine uptake was seen. 

The data presented here clearly indicate that both hj^pothalamic and 
pituitary injection of sj^stemically ineffective amounts of thjnoxine can 
inhibit thyrotropin secretion. Of particular interest is the observation that 
hypothalamic injection has a latent period of six to nine houi’s before 
thyrotropin secretion is inliibited whereas the inhibition is immediate after 
pituitarj" injection. The duration of inhibition is approximately the same 
Avhen thjnoxine is injected into either location, being about 20 hours. 
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Fig. 11. Diagram of alternate hj'poth- 
cses to explain the observed inhibitory 
effect on thyrotropin secretion by hypo¬ 
thalamic thyroxine injection. (1) On the 
left is shown the possibility of diffusion of 
injected thyroxine to the origin of the hy- 
pophj'seal portal vessels and its transport 
to the anterior pituitary where the in¬ 
hibitory effect is exerted. (2) On the right 
is shown a possible negative feed-back 
mechanism in both the hypothalamo- 
pituitary-thyroid system and the pitui¬ 
tary-thyroid system. 


Two possible explanations of the data presented above can be made 
(Fig. 11): (1) Th 3 n’Oxine injected into the anterior h 3 "pothalamus takes 
approximatel 3 " 8.5 hours to diffuse to the li 3 Toph 3 'seal portal vessels and 
be carried to the anterior pituitaiy where it exerts an inhibitor 3 ’- effect. (2) 
Direct inhibition of a primaiy h 3 ^pothalamic “th 3 n‘otropin center” is 
produced b 3 ’’ tli 3 n'oxine injection into the anterior ]i 3 'pothalamus. Cells in 
this area are sensitive to altei-ations in circulating th 3 Toid hormone con¬ 
centration but tliere is a latent period of about 8.5 hours before tlyno- 
tropin release b 3 '’ the pituitary is eventual^' affected b 3 ' this neural or 
neurohumoral mechanism. 

It is not possible to decide which, if either, of these h 3 ’’potheses may be 
correct at present, but it seems unlikel 3 '^ that it would require several hours 
for thyroxine to diffuse to the anterior pituitar 3 n It seems more reasonable 
that two separate mechanisms can control th 3 n'otropin secretion, a slower 
one acting through the central nervous system and a direct one in the 
anterior pituitary itself. 
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RAPID DISAPPEARANCE OF PROGESTERONE 
FROIM OILY SOLUTIONS INJECTED INTRA- 
PERITONEALLY IN MICEi 

THOMAS R. FORBES 

Yale University School of Medicine, Neiv Haven, Connecticut 
ABSTRACT 

Seventy-five to 22,500 yg. of progesterone dissolved in 1.5 ml. sesame oil 
were injected intraperitoneally into ovariectomized adult CHI mice. They 
were e.xsanguinated two and one-half minutes to eight hours later, and the 
gestagen levels in the plasma and in the oil recovered from the peritoneal cavi¬ 
ties were determined by bio-assay. Concentrations in the plasma were found to 
have risen quicklj' and to have declined within an hour. Concentrations in the 
recovered oil fell to 60 yg. or less within 10 minutes and to about 12 yg. in 30 
minutes, regardless of the original concentration of the injected solution. 

T his experiment was undertaken primaril}" to determine the rate at 
which progesterone moves out of an oil}" solution after its intraperi- 
toneal injection. Resulting concentrations of gestagen in the plasma were 
also investigated. Some of the results have already been briefly reported (1). 

PHOCEDURE 

Young adult CHI mice were bilaterally ovariectomized. Eight da 3 ’s after the opera¬ 
tion each mouse received an intraperitoneal injection of sesame oil. Five control mice 
were injected with 1.5 ml. oil onty. Eighty-nine other mice were injected with various 
quantities of progesterone dissolved in 1.5 ml. oil, as follows: 75 yg., 18 mice; 1,500 yg., 
47 mice; 2,250 yg., 6 mice; 7,500 yg., 6 mice; 15,000 yg., 4 mice; 22,500 yg., S mice. At a 
selected interval after the injection each mouse was anesthetized with ether, and the 
carotid sheath was rapidlj' e.xposed and divided. The blood was collected in a 1 ml. cen¬ 
trifuge tube containing 0.05 ml. of 20% sodium citrate solution as an anti-coagulant. 
The abdomen was opened, and as much injected oil as possible (0.3-0.8 of the original 
1.5 ml.) was aspirated. Recover}^ of the oil sample took an average of about ten minutes. 
The sample was centrifuged to separate the oil from the small amount (insufficient for 
assaj') of peritoneal fluid also present. 

The blood was centrifuged promptly, and a measured volume of plasma was added, 
drop by drop, with stirring to several volumes of cold (10° C) acetone. The resulting 
precipitate was separated bj" centrifugation and was washed three times with equal vol¬ 
umes of acetone and ether. The original supernatant and the washings were pooled, and 
to them was added a measured volume of sesame oil. The acetone and ether were re- 

Received August-14, 1958. 
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moved by distillation. The residue of oil and of water from the plasma was centrifuged 
to separate the two phases, and the oil was bio-assayed for the acetone- and ether-soluble 
“free” gestagen according to a standard procedure (2,- 3). 

The acetone- and ether-insoluble precipitate was re-suspended in a small volume of 
water, acidified to approximately pH 1, and hydrolyzed for six hours in a boiling water 
bath to release the "bound” gestagen. The latter was then extracted with ether, taken 
up in oil, and separately bio-assayed. 

The procedure of Hooker and Forbes has been shown to detect not only progesterone 
but also its biologically active metabolites, A‘'-3-ketopregnene-20o:-ol and A-*-3-ketopreg- 
nene-20^-ol, and possibly other, unidentified gestagens as well (4). Gestagen levels may 
be expressed in Progesterone Equivalents (P.E.). One P.E. is defined as equal to the 
activity of 1 pg. of progesterone when the latter is assayed by the procedure of Hooker 
and Forbes in the absence of estrogen and other interfering factors. 

RESULTS 

“Free” Gestagen in Plasma. Gestagen was not detected in the plasma 
of the five mice injected with oil only. 

Mice injected with 75 pg. of progesterone were bled at intervals of up to 
20 minutes thereafter. Gestagen levels reached 3 P.E./ml. plasma in two 
mice and were less than 2 P.E./ml. in all others. Plasma concentrations of 
gestagen declined rapidl}^ after the first five minutes. 

Levels of gestagen in the plasma of mice receiving 2,250 jug. or more of 
progesterone usually fluctuated widely during the half hour in which they 
were studied. Levels reached a peak (as high as 8.3 P.E./ml. in an excep¬ 
tional case) in ten minutes and then declined rapidly. 

Plasma levels were followed for eight hours in mice receiving 1,500 pg. 
of progesterone. In the first hour, samples assayed as high as 9.1 P.E./ml. 
Thereafter, levels also fluctuated widely and erratically, ranging from 6.1 
P.E./ml. to less than detectable amounts. 

There was no consistent agreement between size of dose and plasma 
level of gestagen. 

“Boiind’^ Gestagen in Plasma. Forty specimens were assayed for "bound” 
gestagen. Again, plasma levels were not consistent with dose. The highest 
concentration observed was 4.4 P.E./ml. Usually the levels were much 
lower, and frequently no "bound” gestagen could be detected. 

Gestagen Levels in Recovered Oil. No gestagen was detected in oil re¬ 
covered from mice injected with oil only. 

Results for the other mice are presented in Figures 1 and 2. A striking 
feature is the remarkable and consistent speed with which the hormone 
disappeared from the oil. Figure 1 shows that all values for the 75 /ig- 
group and some for the 1,500 ng. group lie close to one curve, while all othei 
values during the first hour lie close to a second curve. Statistical anaUsis 
of the values on the second curve showed that the amount of gestagen was 
reduced by an almost constant percentage for each unit of time. The rate 
at which gestagen left the oil in mice receiving the lowest doses of hormone, 
while relatively faster, also appears to be quite consistent. Whether the 
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Fig. 1. Graph of assaj’ results for oil recovered during first hour. Each symbol 
represents the sample from one mouse. 

initial dose was 1,000 pg. or 15,000 /xg./ml. oil, the concentration (assuming 
that no progesterone was transformed while in the oil to another com¬ 
pound of different activity) had fallen in ten minutes to approximately 
60 jug./ml. oil and in 30 minutes to about 12 ^ig./ml. 

Oil was recovered from mice receiving 1,500 pg. of progesterone not onl}^ 
during the first hour (Fig. 1) but also during the ensuing seven hours (Fig. 
2). Thirt}'- mice were killed after the first hour. Oil recovered from 20 
of them assaj’^ed at loAv levels lying close to the already established curve. 
Hormone concentrations in samples from the other 10 mice were consider¬ 
ably higher, levels ranging from 9.5 to 27 P.E./ml. oil; most of the high 
values were in oil recovered after six hours. However, if the mean value for 
the second through sixth hour (3.7 P.E.; standard deviation of 2.8 P.E.) 
and that for the seventh and eighth hours (10.1 P.E.; standard deviation of 
12.5 P.E.) are compared, the differences are not statistically significant. 

DISCUSSION 

The plasma levels of gestagen demonstrate that progesterone or its 
metabolites reached the blood stream within a few minutes after the for¬ 
mer substance was injected intraperitoneall3^ Nevertheless, mere escape of 
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Fig. 2. Graph of assaj”^ results for oil recovered during eight hours in mice injected with 
1,500 pg. of progesterone. Each symbol represents the sample from one mouse. 


the progesterone into the plasma cannot in itself account for the hormone’s 
swift disappearance from the oil. The total plasma volume of the 5mung 
adult mouse is only perhaps 1 ml., and can contain at most only a few 
micrograms of gestagen. 

Hepatic inactivation of progesterone occurs in the mouse (5), and un¬ 
doubtedly accounted for the disappearance of some of the injected hor¬ 
mone. What happened to the remainder of tlie progesterone is not clear. 
The total area of the parietal and visceral peritoneum of the mouse is 
appreciable. It may be that much of the hormone adhered to or was ab¬ 
sorbed by the peritoneal cells. It is possible that a part of the progesterone 
was taken up in the fat; concentrations of up to 2.3 and 4.4. pg. per gram of 
fatty tissue have been found in rabbits and women, respectively (6, 7). The 
fact that in some mice the concentration of the oil solution apparently rose 
during the seventh and eighth hours suggests partial return of the hormone 
to the oil. It is also possible that the administered progesterone, instead of 
leaving the oil, was transformed in the oil into a compound not detected by 
the bio-assay, but such transformation in this site appears unlikely. 

The remarkable speed and seemingly’’ steady rate at which the hormone 
escaped from the oil are interesting. Plotz and Davis (8) found that C^^-4- 
progesterone apparently moves rather quickly out of its oily^ solution after 
injection of the latter into human beings. In mice it appears that intra- 
peritoneally injected concentrations of 50 to 1,000 jug./ml. oil are disposed 
of at one rate, and concentrations of 1,000 to 15,000 )ig./ml. at another. 
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Data for the first curve were too scanty for statistical treatment. The 
second curve reveals a fairlj^ uniform per cent loss per minute, implying 
that a mechanism relatively unaffected bj’’ biological variation maj’^ have 
been responsilrle for movement of the hormone out of the oil. 
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A COMPARISON OF TPIE INHIBITORY EFFECTS OF 
2-METHyL-l,2-BIS(3-PYRIDYL)-l-PROPANONE 
AND AMPHENONE B ON ADRENAL CORTICAL 
SECRETION IN THE DOG' 

JOHN S. JENKINS, 2 J. WILLIAM MEAKIN^ and DON H. NELSON^ 

Departments of Medicine, Harvard Medical School and the Peter 
Bent Brigham Hospital, Boston, Massachusetts 

ABSTRACT 

I n short term experiments in the dog 2-methyl-l ,2-bis (3-py ridyl)-l-propanone 
(SU 4885) in high dosage totally suppressed the secretion of steroids by the 
adrenal gland. In low dosage there was a shift from cortisol and corticosterone 
to 11-desoxycortisol (Rcichstein’s Compound S) and desoxycorticosterone sug¬ 
gesting a selective inhibition of hydroxylation at Cn- In contrast amphenone 
suppressed total steroid secretion (i.c., of cortisol and corticosterone) with no 
evidence for a selective action on ll-hydroxylation. 

T he demonstration by Nelson and Woodard (1) that the adminis¬ 
tration of the insecticide DDD (2,2-bis (parachlorophenyl), 1,1- 
dichloroethane (Fig. 1) caused adrenal cortical atrophy in the dog, pro¬ 
vided an indication that, at least in this species, the adrenal gland may be 
inhibited by a synthetic non-steroidal substance, although recent work by 
Cueto et al. (2) suggests that the ortho-para analogue was the active prin¬ 
ciple of impure DDD used in earlier experiments (1). Other related com¬ 
pounds such as Perthane (Fig. 1) have been studied by Taliaferro and 
Leane (3) and Larson ct al. (4) who found that relatively minor changes 
in the chemical structure altered the action on the adrenal cortex. 

The adrenal inhibitor which has been most extensively investigated is 
amphenone B (3,3-bis (p-aminophenyl)-2-butanone). Studies by Hertz 
(5) and other workers have shown that this substance inhibits adrenal 
steroid secretion both in the dog and in man, although the histological 
appearance of the adrenal cortex after the administration of the drug was 
not atrophy but hyperplasia. Recently, the compound 2-methyl-l, 2 bis 
(3-pyridyl)-l-propanone (SU 4885 or DPP) has been synthesized by Allen 
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and Bencze (Fig. 1) and preliminary results obtained by Chart et al. (6) 
indicated that this drug was effective as an inhibitor of adrenal steroid 
secretion in experimental animals. The ability of this substance to selec¬ 
tively inhibit oxygenation at the 11-position of the steroid molecule has 
been described (7, S). The present report is concerned with an investigation 
of the effects of SU 4885 on adrenal cortical function in the dog and a com¬ 
parison of these effects with those produced by amphenone. 

METHODS 

Mongrel dogs weighing 20-25 kg. rvere used. The right lumbo-adrenal vein was can- 
nulated under sodium pentobarbital anesthesia according to the method of Nelson and 
Hume (9) and the adrenal venous blood was collected at timed intervals. An infusion of 
25 units of hog ACTH in 500 ml. of normal saline was administered through the femora] 
vein, to ensure constant maximal adrenal cortical stimulation. Total IT-hj'drox^'corti- 
coids in the blood were estimated by the method of Nelson and Samuels (10). 

Characterization of individual steroids was carried out bj' e.xtracting the plasma 
twice with equal volumes of ethyl acetate, washing first with IN sodium hydroxide, then 
with water, drying with anhydrous sodium sulfate and evaporating to dryness. As much 
lipid material as possible was removed by partitioning the extract between hexane and 
70% aqueous methanol. The methanol layer was removed, evaporated to dryness, redis¬ 
solved in a methanol-chloroform 1:1 solution and applied to a paper chromatogram. 
The chromatograms were run in the “B3” and “B5” systems of Bush (11), and the tol- 
uene-propylene-glycol system of Zaffaroni (12). Steroids were identified by means of the 
running rates of the free and acetylated substances compared with known standards, 
ultraviolet light absorption, the soda fluorescence test (11), reactions with blue tetra- 
zolium and phenylhydrazine reagents, and absorption spectra in concentrated sulphuric 
acid. Quantitation was carried out by eluting the steroids from the paper with methanol, 
and using the phenylhydrazine reaction of Porter and Silber (13) for the hydrox 3 '- 
corticoidsand the blue tetrazolium method of IMaderand Buck (14) for the other steroids. 
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RESULTS 

When a single injection of 75 mg./kg. of SU 4885 bitartrate was given 
intravenous^ the total IT-hj'-droxj'-corticoids in the adrenal-venous blood 
fell to approximately 10% of the initial value within 10 minutes, rising to 
75% within 3 hours as is shown in Figure 2, The effect of a small dose of 
the drug, 5 mg./kg. given as an infusion over 30 minutes is seen in Figure 3. 
In this case no decrease in 17-hydroxycorticoids occurred and in fact a 
suggestive rise was observed. When the infusion was increased to 75 mg./ 
kg. a reduction in steroid output was again obtained. 

The effect of a single intravenous injection of amphenone hydrochloride, 
in a molar dosage equivalent to 75 mg./kg. of SU 4885 bitartrate, is illus¬ 
trated in Figure 4. The observed decrease in 17-h3'-drox3rcorticoids and the 
subsequent return toward the initial values was quantitativel 3 ’’ similar to 
that obtained with SU 4885. It was noted, however, that during the course 
of the experiments, the anesthetic effect of SU 4885 was less than that of 
amphenone, since more pentobarbital Avas necessai^'^ to maintain the re¬ 
quired state of anesthesia. Differences in the action of the two drugs be¬ 
came most apparent when the individual steroids were studied. A single 
injection of 75 mg./kg. of SU 4885 Avas given and the average of results 
from three experiments is seen in Figure 5. Cortisol fell from 7.0 ^g. per 
minute to immeasurable levels within 10 minutes but even after 7 hours, 
the value was onl 3 ^ 0.9 mS- per minute, returning to the initial level by 20 


SU48e5 
7 5 mg /kg 

I 



Fig. 2. The effect of a single intravenous injection of SU 4SS5 on total 
17 -h 3 'clroxj'corticoid secretion in the adrenal vein of the dog. 
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Fig. 3. The effect on total I7-hydro\ycoiticoicl secretion in the dog of 30 minute 
infusions of SU 4885 in doses of 5 mg./kg. and 75 mg./kg. 



Fig. 4. The effect of a single injection of amphenone on total 17-hydrox3'corticoids 
secreted into the adrenal vein of the dog. 
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X; OESOXYCORTICOSTERONE 


CORTICOSTERONE 
(COMPOUND B) 


F=( II-OESOXY-I7HYDROXYCORTICOSTERONE |B I7HYDROXYCORTICOSTERONE 

B (COMPOUND SI ■ (COMPOUND F) 


Fig. 5. Mean values for secretion of 17-hydroxycorticosterone (solid bars), corticos¬ 
terone (vertical crosshatch), ll-dcsox3"-17-hydroxycorticosterone (horizontal cross- 
hatch), and desoxycorticosterone (stippled) in three dogs given 75 mg./kg. SU 4885 
intravenouslj' in a single injection. 


hours. Equallj" striking was the appearance of IT-lij'^drox}'-, 11-desoxy 
corticosterone (Reichstein’s Compound S) whicli rose from pre\douslj" un¬ 
detectable levels to about 4 pg./min., 1-5 liours after the injection of the 
drug. It would appear that levels of Compound S are maximal by one hour 
and are maintained to at least 7 hours. Corticosterone, which was initially 
present in approximately half the quantity of cortisol disappeared and 
seemed to be replaced by 11-desoxycorticosterone. 

In contrast with these results, Figure 6 shows the effect of amphenone 
in a dosage equivalent to 75 mg./kg. of SU 4885. A temporary reduction 
in cortisol and corticosterone was observed and during the following three 
hours the levels of both steroids gradually rose but without the appearance 
of ll-desox 3 '-compounds. 

DISCUSSION 

These findings indicate that SU 4885 has an inhibitor}" effect on adrenal 
cortical secretion in the dog. This action is not mediated by an interference 
with endogenous ACTH secretion since ACTH was administered during 
the course of each experiment. Quantitatively the effect on total 1/- 
hydroxycorticoids seemed to be similar to that of amphenone, when given 
in an equivalent dosage, although the anesthetic effect of SU 4885 was 
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Fig. 6. The effect of a single injection of amphenone (75 mg./kg.) 
on secretion of corticosteroids in the dog. 


less marked. The most important differences, however, were seen in the 
action of the two drugs on the individual steroids. In large doses SU 4885 
caused a fall in total steroid secretion but this was followed by a prolonged 
inhibition of cortisol and corticosterone, lasting at least 7 hours, with the 
appearance of increasing amounts of Compound S and desoxycorticoster- 
one. In smaller doses, no reduction in total 17-hydrox}'' steroids occurred 
but as was previously reported inhibition of cortisol occurred, with the 
concomitant secretion of large quantities of ll-desoxj’-cortisol, indicating 
that the adrenal ll-hj^droxylation enzyme S 3 '^stem was especiall 3 '^ sensitive 
to the effects of this drug (7, 8). The action of SU 4885 is in contrast with 
that of other known adrenal inhibitors. Studies with DDD (2) showed that 
reduction in 17-h3^droxycorticoids in the dog following the administration 
of this drug was accompanied b 3 '^ actual destruction of adrenal cortical 
tissue. Amphenone (4) and SU 4885 (6) caused an increase in adrenal size. 
The experiments described above, demonstrate that amphenone produced 
a temporaiy suppression of cortisol and corticosterone but without evi¬ 
dence of an 3 ’^ selective action on ll-h 3 ’-drox 3 dation. This is in agreement 
with the findings of Rosenfeld and Bascom (15), who showed, as a result of 
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adrenal perfusion experiments, that amphenone caused a generalized in¬ 
hibition of adrenal steroid secretion by interference with a number of 
different enzymes. 

The selective action of SU 4885 is, therefore, of considerable interest, 
although the exact mode of its activity remains to be elucidated. Tomkins 
et al. (16) have presented evidence that the 11/3-hydroxylase S 3 ^stem is com¬ 
plex, at least three enzyme factors being involved, so that the drug could 
have one or several sites of action. Further studj^ of the effects of this com¬ 
pound is indicated and maj^ lead to increased knowledge of the mechanism 
of adrenal steroid biosynthesis. 
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DEMONSTRATION OF THE CONCENTRATION OF 
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and Medical Physics, Berkeley, Califor7na 

ABSTRACT 

Concentration of At='* in the mammary tissue of virgin and laetating female 
rats has been demonstrated both by gross radioactive assay and by autoradiog¬ 
raphy. Secretion of At^” in the milk was shown by its presence in the gastro¬ 
intestinal tracts and carcasses of nurslings and b}' the presence of alpha-particle 
tracks in glandular lumens in autoradiographs. In virgin mammary tissue At-^^ 
was chiefly associated with the parenchj’ma, although small amounts could also 
be found in the stroma. 

INTRODUCTION 

W HEN 55-day old female Sprague-Dawley rats were given 0.5 ^c./gni. 

body weight of At-“'(1), 75% of the At-injected rats developed 
mammal'}'- tumors primarily of duct origin during the ensuing year. Only 
17% of non-injected control rats developed mammary tumors during this 
same interval (2-3). In the elucidation of the cause of this augmented tumor 
incidence, it was of paramount importance to investigate the possible role 
of direct alpha-particle irradiation of the immature mammary tissue. 
There were indications from earlier work that AU“ might concentrate in 
mammal'}'- tissue (4). The metabolism of At-" resembles that of I^®^ in many 
respects, and gross assays had shown that both halogens tended to concen¬ 
trate in the skin and subcutaneous tissues (4). Further, Rugh (5) and 
Brown-Grant (6) have demonstrated the capacity of the mammary gland 
to concentrate P®‘ and to secrete it in milk. 

Anatomically, the breast tissue of the virgin rat consists of a simple duct 
system terminating in tiny alveolar buds, embedded in, and surrounded by 
a copious amount of connective tissue and fat (7). Gross dissection of vir- 


Received August 29, 195S. 

' This work was performed under the auspices of the U. S. Atomic Energ}' Commis¬ 
sion. 

- At-" is an isotope of the heaviest halogen with a half-life of 7.5 hours. It decaj's by 
emission of alpha particles with a mean energy of 6.3 Mev and b}' electron capture (1). 
In the latter process 80 Kev x-rays are emitted allowing the detection of this isotope with 
photosensitive scintillation equipment. 
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ginal mammarj^ parenchyma is virtually impossible; thus radioactive assay 
was inconclusive for assessing the concentration of At^“ in mammary 
tissue. The At^^^ found in the mammary region might merely be associated 
with blood vessels, lymphatic tissue, or fat. Autoradiographs, however, 
provide a means by which the presence of At^^^ in the mammary parenchyma 
can be demonstrated visually. Because of the possibility of movement of 
At^“ from its site of deposition in the living tissue during the processes of 
fixation and dehydration, it was also necessary to study the distribution of 
At^“ in the lactating mammary gland and to determine whether At^”, like 
is secreted in the milk. 


METHODS 

AU'^ was prepared by the method of Parrott el al. (8). Three 43-daj' old virgin female 
Sprague-Dawley rats and two lactating Long-Evans rats each received 200 pc. of AU“ 
intraperitoneally. After injection, the lactating rats were returned to their litters. Four 
hours later all the At-injected rats and the nurslings of the injected mothers were sacri¬ 
ficed with chloroform. This experiment was repeated with identical groups of virgin 
and lactating rats, except that the animals were sacrificed three hours after the AU'‘ 
injection. Samples of mammarj' tissue were dissected from both inguinal regions of each 
of the injected rats, and were fixed in Bouin’s fluid. One portion was dehydrated with 
dioxane, embedded in paraffin, sectioned at 6p, and mounted on Eastman's lOp NTA 
stripping film for autoradiographs. The remaining portions of the mammary tissue were 
weighed and assayed for AU“ x-ray activity with a Nal-Tll crystal scintillation counter. 

The gastrointestinal tracts and thyroids of 4 nurslings from the litters in Experiment 
1 were dissected and assa^'cd, and when present, bladder urine was also assayed. To 
exclude the possibility that any radioactivity present was due to external contamination, 
the remaining nurslings were skinned, and carcasses were assayed separately. In the 
fecond experiment all the nurslings were skinned and the gastrointestinal tracts dis¬ 
sected. These samples, and the residual carcasses were assayed separately. 

RESULTS 

The measurements of At^“ radioactivity in mammary tissue of virgin 
and lactating rats are shown in Table 1. The 1-hour difference in post¬ 
injection interval did not affect the At*" concentration, percent of injected 
dose per gram of wet tissue (%/gm.), in the virginal tissue. The mean for 
all animals was 0.38%/gm. On the other hand, the At^" concentration in 
the lactating mammary tissue Avas appreciably^ higher at the earlier in¬ 
terval. This difference is reflected in the amount of At*" transferred to the 
nurslings at the 2 intervals (See Table 2). The total passed to the litters 
was tAvice as much 4 hours after injection as after 3 hours. At the 3-hour 
intei’A^al the gastrointestinal tracts contained 35% of the At^" found in the 
young. One hour later, AAdiile the total At^" in the nurslings had doubled, 
the gastrointestinal concentration AA'as reduced to 25%, indicating rapid 
absorption of At^" from the infant gastrointestinal tract. The relatively 
loAv skin concentrations indicated that contamination from such sources 



April, 1959 


ASTATINE-211 IN EAT MAMMARY TISSUE 


581 


Table 1. Deposition of At=" in tissue from the mammary line of immature 

VIRGIN FEMALE RATS AND LACTATING RATS 3 TO 4 HOURS AFTER INTRAPERITONEAL 

INJECTION 


Animal 

Postinjection 

interval 

Sample wt., 

% injected 
At®" 

At®" concen¬ 
tration 
%/gm. 

Virgin rats 


1 



a 

3 hours 

.25 

.08 

.31 

b 


.25 

.14 

.57 

c 

1 

.68 

.27 

.40 

d 

4 hours 

.35 

.13 

.36 

c 


.33 

1 .10 

.29 

f 


.49 

1 A7 

.34 

Mean 



1 

1 

.38 

Lactating rats 



1 


a 

3 hours 

1.69 

1.47 

.87 

b 


1.34 

1.01 

.75 

C i 

4 hours 

.95 

.48 

.50 

d 


.82 

.32 

.40 


as the mother’s urine was negligible, and that nearly all of the At^*^ found 
in the young had been transferred in the milk. 

The distribution of At-“ in the mammary glands was studied auto- 
radiographicall 5 ^ In the glands from the virginal rats the tissue was pre- 
pondei'antly adipose. Scattered about within this stroma were small ducts 
and alveolar buds of epithelial structure. Small aggregates of lymphoid 
tissue were sometimes seen. The autoradiographs showed that the alpha- 
particle tracks most commonly arose from the epithelium, whether ductal 


Table 2. Maternal transfer of At®" by way of the milk 


Litter 

Experiment 2 (3 hours) 

Experiment 1 (4 hours) 

No. of 
specimens 

% of Mother’s 
At®" dose 

No. of 
specimens 

% of mother’s 
At®" dose 


a. 


c. 


Whole nurslings 

6 

1.21 

2 

2.63 

Skin only 

6 

.12 

2 

.32 

GI Tract 

6 

.78 

4 


Thyroid 



4 


Bladder urine 



4 

.02 

Total passed to litter 

(6) 

7.3 


15.8 


b. 


d. 


Whole nurslings 

6 

.58 

8 

.84 

Skin only 

6 

.07 

8 

.11 

Gl Tract 

6 

,33 

4 

.35 

Thyroid 



4 

< .01 

Bladder urine 



4 

<.01 

Total passed to litter 

(6) 

3.5 

(12) 

10.1 
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(Fig. 1) or alveolar (Fig. 2). Tracks were very rare in the lumens of these 
structures. The adipose tissue also showed some At^“, but tracks were only 
about one-fifth as frequent. They arose from within the fat-containing 
space of the adipose cells. Tracks were also seen arising directly from the 
fibroblasts of the stroma. Blood vessels were scanty in this non-secreting 
gland, but tracks could sometimes be seen arising in the lumen of small 
vessels. The lymphatic tissue showed no tracks. 
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Fig. 1. Stripping film autoradiograph (NTA) of At-** localization in mammaiy tissue 
of 55-day old virginal rat. H and E counterstain; magnification 300X. Concentration in 
ducts and periductal tissue; sparse tracks in adipose connective tissue. 
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Fig. 2. Association of AU“ with acinar tissue of mammarj- gland of 55 -da 3 ' 
old virginal rat. Technical data as in Figure 1. 


In a typical autoradiograph from a lactating rat (Fig. 3) the tissue was 
pie ominantl}" glandular; the stroma contained an abundant vasculature 
an scanty adipose tissue. The acini of the glands were in varying stages 
o secietion, some being composed of heightened epithelium and a rela- 
^ I lumen, while in others the cells were lower, and the acini were 
Cl a e uit 1 secretion. In some acini tall cells were seen whose distal por- 
lon (i.e., toward the lumen) was distintegrating in the t 3 ^pical fasliion of 
apocrine secietion. Lj^mphatic tissue could also be seen in these glands. 
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Fig. 3. AU'* localization in mammary tissue of lactating rat. Note tracks in 
stroma, epithelium and lumens. Technical data as in Figure 1. 


The autoradiographs showed tracks originating in the acinar epithelium. 
In the cells showing disintegration of the distal portion, tracks were often 
found originating in this part of the cell. Correspondingly, some tracks 
were seen in the lumen when it contained secretion. Tracks could also be 
seen arising from cells which were not yet actuall}’- releasing secretion. 
The blood vessels often showed a few tracks originating in the lumen and 
occasionally from the tissue of the walls. Tracks were rarely found in fat 
cells. The lack of tracks arising from lymphatic tissue of either group pro- 
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vided evidence that no appreciable translocation of the At“^^ had occurred 
during the technical manipulations. 

DISCUSSION 

The localization of At^“ in lactating glandular tissue and its transfer to 
nursing jmung via the milk parallels demonstrations of radioiodine in milk. 
It is, of course, well established that casein may be iodinated m vitro, and 
it is possible that At“‘^ is bound in comparable fashion. However, the 
possibility that it is associated with the fat of milk should not be neglected. 

The epithelial localization in the non-lactating, virginal gland is of sub¬ 
stantial interest in view of the frequency of occurrence of neoplasms of 
duct origin when such animals receive At^". Of no less interest is the oc¬ 
casional uptake bj" fibroblasts in such animals, for fibromata and sarco¬ 
mata are not infrequent!}' seen, and tumors showing both epithelial and 
connective tissue hyperplasia are very common. 
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ABSTRACT 

The fasting adrenalectomized rat moved more fat out of the epididymal fat 
depot during a 12-hour fast than did the normal animal. Restoration of cortical 
hormone (hj'drocortisone) at both high and low dose leA^els elicited a marked 
inhibition of fat movement out of this depot. The administration of h5'drocorti- 
sone to intact animals also produced this inhibition. The procedure of sham 
adrenalectomy caused a significant diminution of fat mobilization from the epi¬ 
didymal depot for at least six days following the laparotomy. This response to 
trauma has now been observed in another laboratory following a burn stress. 
There are probably factors other than the release of cortical steroids which 
mediate this response but an increase in steroid titer appears to alter fat mobili¬ 
zation in this direction. The hypophysectomized animal behaves differently 
from the adrenalectomized animal in this regard. The amount of fat moved out 
of the epididymal depot by the hypophysectomized animal during a 12-hour fast 
was much smaller than that moved bj'^ either the intact or adrenalectomized 
animal. Administration of cortical hormones alone did not restore the rate of fat 
movement to normal. Work is in progress using combinations of target gland 
hormones and growth hormone in hypophysectomized animals. 

A drenalectomy inhibits the protein molDilization of stress (1) 
^ and the accumulation of fat b}" a damaged liver (2, 3). It has been 
suggested therefore, that adrenal insufficiency is accompanied by a simul¬ 
taneous inhibition of fat mobilization out of peripheral fat depots. There 
are data which do not support this suggestion as regards depot fat move¬ 
ment during a fasting period (4, 5). Adrenalectomized rats appear to lose 
more rather than less fat from certain fat depots than do intact animals 
fasted for varying periods of time (6 to 48 hours) (5). We have investigated 
the effects of h 3 "drocortisone on the total fat changes in the epidid 3 ^mal fat 
depot of the rat during fasting and feeding. Our data indicate that a 
plethora of cortical steroids inhibits fat movement out of this depot even 
during a fast in intact and adrenalectomized animals. Further, a deficienc}' 
of steroids augments fat movement. 
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METHODS 

Male Sprague-Dawley rats weighing 90-110 gm. were used throughout. Larger ani¬ 
mals do not show comparable symmetry of the epididymal fat depots (5). In all experi¬ 
ments, each animal was used as its own control. The first epididymal fat body was 
removed immediately before the onset of the fasting period and the second at the end 
of the fast. Total lipids in each depot were determined by the method of Bloor (6). The 
difference between the amount of extractable lipid in the depots, before and after the 
fast, per 100 mg. of initial depot weight, was taken to indicate the degree of fat mobiliza¬ 
tion. The epididymal fat bodies were removed under ether anesthesia by orchiectomy 
through a lateral scrotal incision (5). All animals were maintained on Purina rat chow 
and water ad libitum with the exception of the adrenalectomized animals that were 
given 0.9% saliire in place of tap water. Data are reported from only those adrenalecto¬ 
mized and hypophysectomized animals that did not show any adrenal or pituitary tis¬ 
sue on post mortem examination. 

Intact, sham adrenalectomized, adrenalectomized (6 days postoperative) and hj'^poph- 
ysectomized (11 and 217 days postoperative) rats were fasted for 12 hours and the 
total lipid content of the epididymal depots was determined. 

Intact, sham adrenalectomized, and adrenalectomized rats were given either 0.3 mg. 
hydrocortisone or 1.0 mg. hydrocortisone subcutaneously for three successive daj^s just 
prior to the start of a 12-hour fast. Hypophysectomized animals were given 0.3 mg. 
hydrocortisone one hour prior to the fasting period. Quantitative fat changes in the 
epididymal depot were determined. 


REStFETS 

Initial weight of the epididymal fat depot dnring ad libitum feeding: All 
animals were in the same weight range (90-110 gm.) when the first depot 
was removed. Despite this similarity in total body weight, there were sig¬ 
nificant differences in the amounts of fat deposited on the ad libitum feed¬ 
ing regime. In a total of 157 intact, untreated rats, the amount of extract- 
able lipid from a single depot was 83.8 + 1.5 mg. (S.E.). For 96 adrenal¬ 
ectomized animals the extractable lipid was 46.9 ±1.7 mg. and for 59 sham 
adrenalectomized animals it was 69.2 ±2.3 mg. Eleven days after hypoph- 
ysectomy, the extractable lipid (8 animals) was 110.4+7.0 mg. and in 
the series maintained for 217 days after hypophysectomy (8 animals) the 
lipid content was 187.9+8.5 mg. It is appai-ent that adrenalectomized 
animals fed ad libitum do not deposit as much fat in this depot as do in¬ 
tact animals, while hypophysectomized animals deposit increasingly 
greater amounts than normal (Table 1). 

The adnnnistration of hydrocortisone to intact, sham adrenalectomized 
and adrenalectomized animals for 3 days (during which time the animals 
were allowed free access to food and fluids) produced significant changes 
in the amount of fat deposited in the epididymal depots. At the two dose 
levels of hydrocortisone used in these experiments all the animals showed 
increased fat accumulation in the depot. The total body weight, however, 
did not change in the same direction. The animals did not show a signifi¬ 
cant weight gain and at the higher dose level of hydrocortisone (1.0 mg./ 
day) many animals lost weight. In spite of this, the extractable lipids in a 
single depot in intact animals given 0.3 mg. hydrocortisone rose to 97.6 ± 
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Table 1. Initial weight of epididymal fat bodies 
(After ad lihidum feeding) 


Experimental procedure 

No. of 
animals 

Mg. of 
extractable 
fat 

S.E. 

Intact 

157 

83.8 

1.5 

Sham Adrenalectom 3 ' 

59 

69.2 

2.3 

Adrenalectomj’^ 

96 

46.9 

1.7 

Hypophj'sectomj"—11 daj'S after operation 

8 

110.4 

7.0 

Hypophj^sectomy—217 days after operation 

8 

187.9 

8.5 

Intact—0.3 mg. hj'drocortisone/day for 3 days 

12 

97.6 

6.1 

Intact—1.0 mg. hj’^drocortisone/daj' for 3 days 
Sham Adrenalectomj'—0.3 mg. hj’drocortisone/day 

12 

119.4 

7.1 

for 3 days 

Sham Adrenalectomj’—1.0 mg. hj'drocortisone/daj' 

21 

80.8 

3.8 

for 3 daj^s 

Adrenalectomj’^—0.3 mg. hydrocortisone/daj' for 3 

33 

109.4 

2.8 

daj’s 

Adrenalectomj'—1.0 mg. hydrocortisonc/daj' for 3 

19 

75.8 

3.5 

daj's 

27 

83.3 

4.4 


S.E. = Standard Error. 


6.1 mg. With 1.0 mg. hj^drocortisone, fat levels rose to 119.4+7.1 mg. as 
compared to the untreated animals’ 83.8 + 1.5 mg. A similar increase was 
observed in the sham adrenalectomized animals. Thus, with 0.3 mg. hydro¬ 
cortisone, the amount of extractable lipid was 80.8+3.8 mg. With 1.0 mg. 
hydrocortisone, the lipid content was 109.4+2.8 mg. as compared to the 
untreated sham adrenalectomized animals’ value of 69.2+2.3 mg. The 
adrenalectomized animals responded to h 3 ^drocortisone in the same fash¬ 
ion. The untreated animals had 46.9 + 1.7 mg. of extractable fat in the 
depot. After treatment with 0.3 mg. hj^drocortisone the amount of fat was 
found to be 75.8 +3.5 mg. and after a regime of 1.0 mg. of hj^drocortisone, 
was 83.3 ±4.4 mg. per depot (Table 1). 

Changes in lipid content resulting from a. 12 hour fast: It was found that 
intact animals fasted for 12 hours mobilized 13.0 +2.4 mg. fat/100 mg. 
initial depot fat. Adrenalectomized animals mobilized significantly more 
fat during this period: 26.3 +2.2 mg. fat/100 mg. initial depot fat. Hypoph- 
ysectomized animals showed no significant mobilization of fat during 
this brief fasting period (Table 2). It is of interest that in these experi¬ 
ments the sham adrenalectomized animals also showed little or no quan¬ 
titative fat changes in response to the wuthdraAval of food. A possible 
explanation for this will be discussed. 

It can be seen from Table 2 that the administration of hydrocortisone 
to both intact and adrenalectomized animals effectivel}^ prevented the 
rapid mobilization of fat out of the depots that was observed in the un¬ 
treated animals. It is difficult to evaluate the data obtained from the sham 
adrenalectomized animals because the procedure of sham adrenalectomy 
alone appears to inhibit fat mobilization within this time interval. The 
administration of h 3 '^drocortisone to h 3 ’'poph 3 '^sectomized animals resulted 
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Table 2. Mobilization of bpidtoymal bat kbring a fasting periob 


Experimental Procedure 
(12-Hour Fast) 

No. 

of 

rats 

Initial Depot 
depot vreiglit 
weight, after, 
mg, mg. 

Mobili¬ 

zation 

mg. 

S.E. 

t 

P 

Mobili¬ 
zation, 
mg./lOO 
mg. 
initial 
depot wt. 

S.E. 

t 

P 


17 

90.4 

79.0 

+11.4 

2.4 



+13.0 

2.4 



Intact—0.3 mg. hydrocortisone 






8.1 

<0.001 



9.5 

<0.001 


12 

97.6 

115.1 

-17.5 

2.5 



-18.2 

2,5 




17 

90.4 

79.0 

+11.4 

2.4 



+13.0 

2.4 



Intact—1.0 mg. hydrocortisone 






4.4 

<0.01 



5.3 

<0.01 


12 

119.4 

124.7 

- 5.3 

3.1 



- 6.1 

3.1 



Sham adrenalectomy—saline 

16 

70.8 

69,9 

+ 0.9 

1.3 



+ 2.5 

2.8 



Sham adrenalectomy—0.3 mg. 






1.0 

Not sig. 



1.3 

Not sig. 

hydrocortisone 

11 

80.8 

76.8 

+ 4.0 

0.9 



- 2.3 

2,1 



Sham adrenalectomy—saline 

16 

70.8 

69.9 

+ 0.9 

1.3 



+ 2.5 

2.8 



Sham adrenalectom 5 '—1.0 mg. 






0.5 

Not sig. 



1.4 

Not sig. 

hydrocortisone 

20 

109.4 

106.5 

- 2.9 

0.8 



- 3.3 

3.0 



Adrenalectomy—saline 

30 

39.5 

29.3 

-10.2 

1.4 



+26.3 

2.2 



Adrenalectomy—0.3 mg. hydro- 






5.0 

<0.001 



7.0 

<0.001 

cortisone 

9 

76.5 

79.6 

- 3.1 

3.6 



- 4.9 

4.6 



Adrenalectomy—saline 

30 

39,5 

29.3 

+10.2 

1.4 



+26.3 




Adrenalectomy—1,0 mg. hydro- 






6.5 

<0.001 



7.4 

<0.001 

cortisone 

15 

75.0 

76.0 

- I.O 

1.8 



- 2,7 

3.0 



Hypophysectomy—11 days 

S 

110.4 

105.8 

+ 4.6 

3.0 



+ 3.5 

6.3 



Hypophysectomy—217 days 

8 

187.9 

191.8 

- 3.9 

5.6 



- 2.0 

5.6 




4- *= Mobilization, 

— “Deposition. 

S.E, “Standard Error. 


in ambiguous data and these experiments are being repeated -with chronic 
rather than acute pretreatment with h 3 '^drocortisone. 

DISCUSSION 

Despite the accumulation of data concerning the metabolic effects of 
the cortical steroids, there remains uncertaintj^ as to the mechanism of 
action of these hormones. For example, the regulation of fat metabolism 
during a fasting period has been attributed, in part, to the mobilizing ac¬ 
tion of the cortical steroids on the fat depots. This point of view is sup¬ 
ported bj' data on protein mobilization (1) which suggests that the adren- 
alectomized animal cannot move protein from peripheral tissues to the 
liver when a calorie demand is imposed. 

The fasting adrenalectomized animal is thus a more precarious animal 
in terms of available caloric substrate for metabolic needs. The hypo¬ 
glycemia observed in such animals reflects this deficit. It has been sug¬ 
gested that this deficit is aggravated further by a concommitant defect 
in the availability of fat moieties from peripheral fat depots (7). The evi¬ 
dence for this is based largely on data obtained by measuring the degree 
of fat accumulation in the liver. It is clear that the adrenalectomized 
animal does not develop a fatty liver under circumstances which produce 
this effect in intact animals (2, 3). The level of liver lipid, however, is a 
resultant of many factors and does not alwaj^s reflect the'degree of fat 
mobilization from the depots. Thus, Gillman and Gilbert have found that 
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in the baboon, the depletion of fat depots after adrenalectomy was not 
accompanied by the accumulation of fat in the liver (8). Earlier work from 
our laboratoiy also indicates that adrenal insufficiency produces a rela¬ 
tive deficiency in protein mobilization while at the same time it increases 
the rate of fat mobilization (5). The level of liver fat does not mirror the 
peripheral fat depot behavior in this case. 

In the experiments reported here, it was found that the adrenalecto- 
mized animal differs markedly from the hypophysectomized animal with 
regard to peripheral depot fat responses to feeding. Both types of prepara¬ 
tions are known to resist fatty infiltration of the liver. In the case of the 
adrenalectomized animal, this phenomenon exists together with an aug¬ 
mented movement of fat out of the depot during fasting and a decreased 
fat accumulation in the depot during feeding, as compared to normal or 
sham adrenalectomized controls. On the other hand, the hypophysecto¬ 
mized animal consistently deposits more fat in the depot during a period 
of ad libitum feeding and moves fat out of the depot at a greatly reduced 
rate during a fast. 

Stoerck and Porter (4), using large amounts of cortisone acetate (2 mg. 
daily) found that adrenalectomized animals showed a weight deficit but 
gained more adipose tissue. We used a relatively small dose of hydrocorti¬ 
sone (0.3 mg. daily) as well as a higher dose (1.0 mg. daily) and found that 
even at the lower dose range, this hormone prevented the net movement 
of fat out of the epididymal depot in normal and adrenalectomized animals 
in a 12-hour fasting period. The hypophysectomized animals without hor¬ 
mone treatment move so little fat out of this depot in a 12-hour fast that 
further inhibition would be seen only as an increase in fat deposition. 
There is some indication however, that under the circumstances of this 
complex hormonal deficiency (thyroxine, growth hormone, steroids) the 
administration of hj^drocortisone at the low dose level may have aug¬ 
mented the movement of fat out of the depot. This is being investigated 
further. The work of Matthews et al. (9) suggested that there were marked 
metabolic differences in hypophysectomized animals kept for three months 
as compared to the acutely hypophysectomized preparation. We did not 
observe this in our procedures. 

The behavior of the sham adrenalectomized animals with regard to 
depot fat changes was unanticipated. The adrenals were exposed, handled 
gently and the incision closed. Six days following this procedure, the ani¬ 
mals were fasted and the usual depot fat measurements were made before 
and after the 12-hour fast. In more than 50 animals of this kind, it was 
found that there was a marked inhibition of the depot. The fasting, sham 
adrenalectomized animals behaved like the intact animals that had been 
pretreated for three daj^s with hydrocortisone. The administration of 
hydrocortisone to the sham adrenalectomized preparation had no further 
effect on the rate of fat mobilization. We are investigating the time in- 
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terval between operation and fasting during which this effect persists in 
the sham adrenalectomized animal. In addition, the length of the fasting 
period is being increased to 24 hours in order to increase the caloric deficit 
and thus increase the stimulus to fat mobilization. 

In a recent paper bj' hlilstein and Coalson (10) it was reported that the 
trauma of body surface scalding, evoked an inhibition of fat mobilization 
from a peripheral depot. This stress is known to produce an augmented 
protein catabolism. We observed a similar "sparing” of fat breakdown in 
the presence of rapid protein mobilization in both normal and adrenalec¬ 
tomized animals treated with phlorizin (5). The data on sham adrenalecto¬ 
mized animals is consistent with these findings. The stress of the surgical 
procedure also appears to elicit the conditions which tend to inhibit fat 
mobilization while augmenting protein breakdown. These effects persist 
for at least six da 3 "S following the application of the stress in our experi¬ 
ments and in those described bj'^ Milstein and Coalson (10). A similar 
metabolic pattern maj^ l^e imposed b}' the administration of hj^drocorti- 
sone but there is little evidence to shoAv that the titers of circulating corti- 
coids remain significantlj^ elevated for long periods of time following rela¬ 
tively mild stresses. The inhibition of fat mobilization under these cir¬ 
cumstances probablj^ involves factors other than steroid titers in blood. 
These factors are obscure at this time but warrant further investigation. 

The use of the epididj^mal fat depot as an index of total body fat changes 
is susceptible of valid criticism. These data do indicate, however, that this 
depot is affected directly or indirectlj’^ by an elevation or diminution of 
cortical steroids. The direction of these effects is to slow the rate of fat 
movement out of the depot when steroid titers are raised. The influence 
of hj’^drocortisone on the increase in appetite may have accounted for the 
increased deposition of fat in the depot during the three-day period of 
pretreatment. As indicated, however, there was no evidence of a signifi¬ 
cant gain in total iDody weight as compared to the untreated controls. This 
again suggests that both large and relativelj^ small amounts of this hor¬ 
mone increase fat accumulation while simultaneously decreasing protein 
sjmthesis (4). 
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ABSTRACT 

Evidence for the er 3 'thropoietic potency of adrenocorticotrophic prepara¬ 
tions in the absence of the adrenal has been reexamined. Pituitary fractions of 
known erj’-thropoietic activity did not correct the anemia in hypophj'sectomized 
rats when the adrenal was also absent. 

T he anemia which follows hypophysectomy in the rat and the correc¬ 
tion of this anemia or production of polycythemia, the administra¬ 
tion of pituitary extracts shows that anterior pituitary hormones partici¬ 
pate in the adjustment between the erj^throcyte content of the blood and 
the oxj^gen requirements of the organism. This paper reviews the evidence 
which led this laboratory to postulate the existence of a pituitary erythro¬ 
poietic factor distinct from the well known pitutitary hormones. A re¬ 
appraisal of the evidence in the light of recent experiments, has led to the 
abandonment of this postulation. 

White and Dougherty in 1945 (1) described stimulation of erythro- 
poiesis in mice by pituitary adrenocorticotrophic preparations, and a joint 
communication from the Division of Medical Physics and this laboratory 
in 1951 (2) reported that adrenocorticotrophic preparations prevented the 
development of anemia in hypophysectomized rats, and elevated the red 
cell volume in intact rats above normal values. Subsequent^, groups of 
workers from these laboratories reported that corticotrophic preparations 
increased red cell volume in the absence of the adrenals (3, 4). 

The finding that corticotrophic preparations increased red cell volume 
in the absence of the adrenal could not be reconciled with the hypothesis 
that adrenocorticotrophic hormone (ACTH) is the pituitary eiythro- 
poietic factor unless one assumes that ACTH acts in the absence of its 
target organ. This assumption appeared to be unwarranted. If ACTH 
could act in the absence of its target organ one would anticipate, for 
example, that adrenalectomized rats (maintained on salt) would develop 
polycythemia, inasmuch as the adrenal stimulating potency of the pituitary 
and of the blood plasma is greatly increased after adrenalectomy (5); 
actually adrenalectomized rats develop a mild, transient anemia (6). 
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In cross transfusion studies in which hypophysectomized rats were para- 
biotically united with normal rats, the adrenal Aveights of the hypophy¬ 
sectomized partners Avere not significantly greater than those of hj'pophy- 
sectomized controls (7, S). This suggested that only minute amounts of 
ACTH Avere transferred through the capillary interchange. HoAveAmr, AAdren 
one of a normal parabiotic pair aa'us subjected to hypoxia the erythro¬ 
poietic effect AA^as demonstrable in the partner (9). The interpretation 
draAA-n from these experiments AA'as that ACTH and the erythropoietic 
factor Avere substances haAung different surviAml times in the circulation 
(4). Implicit in this interpretation AA'as the assumption that the erythro¬ 
poietic factor AA'as of pituitary origin. 

There AA^ere other CAudences that erythropoiesis is regulated b}^ extra¬ 
adrenal mechanisms, such as the erythropoietic response of adrenalecto- 
mized rats to reduced barometric pressure, or the erythropoietic response 
of normal rats to hypoxia without increase in adrenal size (4, 6, 10). 
Hypophysectomized rats, though limited in their response to hypoxia, 
neAmrtheless respond with increased red cell Amlume. Yet the adrenals re¬ 
main A'^ery small and inactiAm (4, 11). Though a small amount of adrenal 
function undoubtedly persists in hypoph 3 'sectomized rats, there is no 
evidence that hj^poxia, or anj'- other stimulus, increases adrenal function 
in the absence of the pituitary. 

In an effort to determine Avhether the pituitary erythropoietic stimulus 
could be traced to anj'^ of the known pituitary hormones, the most highly 
purified preparations aA^ailable Avere assajmd for their erythropoietic ac¬ 
tion. It AA^as knoAvn that groAvth hormone converts the bone marroAv of the 
hj'pophysectomized rat from a pale, fatty tissue to a red, cellular one; 
hoAvever this hormone did not ameliorate the anemia, judged bj'- hemo¬ 
globin concentration or red cell counts (12), or preA^ent the development of 
of post-hj'-pophj^sectomj^ anemia as judged by red cell volume AAdien ex¬ 
pressed in terms of final body Aveight (13). GroAvth hormone Avas therefore 
not identified as an erythropoietic stimulant; although the total red cell 
Amlume Avas increased, it Avas not increased to a degree sufficient to amelio¬ 
rate the anemia in the face of the increased bodj" size. Purified thyro- 
trophic hormone partiallj’’ corrected the anemic condition in hj'^pophj’^sec- 
tomized rats (14). Highlj’- purified lactogenic hormone, almost free of 
contamination AAuth ACTH (15), Ardren injected in daily doses of 50 to 1000 
pg. for 14 daj's failed to increase the red cell Amlume in anemic hj’^pophj’^- 
sectomized rats (16). Beta-melanocjde stimulating hormone, containing 
1000 u./mg. (17) had no effect on the red cell volume of the anemic hj'^poph- 
5"sectomized rat AAdren injected in daity doses of 100 pg. in the 14 da^’' 
assaj" (18). An increase in erythropoiesis folloAving injection of pituitary 
gonadotrophins has not been demonstrated, though a stimulation might be 
anticipated from injection of interstitial cell stimulants on the basis of 
the reported effects of androgens on blood formation. 
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The anemia in the hypophysectomized animal has frequently been at¬ 
tributed to the loss of the trophic hormones, and the consequent atrophy 
of the target organs. Amelioration of the anemia has in fact been de¬ 
scribed after administration of testosterone and thyroxine given alone, and 
in combination (19, 20). Adrenal cortical steroids have also been impli¬ 
cated and have been reported to increase the numlDer of circulating red 
blood cells in normal rats (21), though not in hypophysectomized rats 
except when given in combination with thyroxine (22, 23). 

Thus purified growth and thyrotrophic hormones had some effect on 
erythropoiesis though they did not increase the red cell volume of hypoph¬ 
ysectomized rats to normal values, whereas adrenocoi’ticotrophic frac¬ 
tions were effective not only in the repair of the anemia of hypophysecto¬ 
mized rats but also produced pcljm^dhemia in normal rats. Since adreno- 
corticotrophic fractions appeared to be effective in the absence of the 
adrenal it was considered improbable that the eiythropoietic component 
in such pituitary fractions was ACTH, and a separate pituitary erythro¬ 
poietic factor was postulated. Therefore efforts were continued to separate 
chemically the erythropoietic principle from ACTH. The chemical pro¬ 
cedures which were found to concentrate the eiythropoietic factor were 
always those most useful in the preparation of ACTH and no clear separa¬ 
tion could be accomplished. However, the erythropoietic and adrenocorti- 
cotrophic potencies did not alwaj^s parallel one another. Tor example, 
pituitary fractions prepared bj’- autolytic digestion, by digestion with 
added enzymes, or by chromatographic methods (4, 24), increased red 
cell volume 20-40% yet cause no increase, or a barel}’- perceptible in¬ 
crease, in adrenal Aveight and no evidence of increased adrenal function 
as judged by thymic Aveight. In most instances such preparations caused 
some depletion in ascorbic acid, or slight changes in lipid content of the 
adrenal. 

When highly purified ACTH^ AAms assayed and found to be a potent 
erythropoietic stimulant, this finding though damaging to the concept of 
the separate existence of a pituitary erythropoietic factor, AA^as not ac¬ 
cepted as definitWe eAudence due to the difficulties inherent in determining 
purity of pituitary hormones. Such difficulties are Avell knoAAm and often 
originate from the confusing multiplicit 3 f of biological effects reported for 
hormones considered pure bj^ current phj'-sico-chemical criteria. The Avork 
factor (26), melanocyte expanding acthdtj'’ (17), the fat mobilizing factor 
(25, 27), and the specific metabolic factor (28, 29, 30) haAm been or still 
are associated Avith highlj'’ purified preparations of ACTH. 

MeauAvhile through the studies of Borsook (31), Van Dyke (32), Gordon 

“ Alpha-corticotropin was made available C. H. Li and the assaj’ here cited is 
referred to in his description of the biological properties of ACTH (25). Also tested vcie 
purified preparations of alpha-pool corticotropin from Lederle Laboratories, and coitico 
tropin B from Merck and Co. 
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( 33 ), Hodgson ( 34 ) and others, further knowledge has accumulated re¬ 
garding er5dhropojetic factors in plasma and urine. Furthermore, Jacob¬ 
son ( 35 ) and Crafts ( 36 ) and their collaborators have shown that such 
factors can be increased in the plasma of h3^poph3fsectomized animals b^^ 
appropriate stimuh such as hypoxia or bleeding. The demonstration of a 
non-pituitary humoral factor invalidates the inference drawn from para¬ 
biotic studies regarding the separateness of the erythropoietic factor and 
ACTH. The erythropoietic response to h3''poxia of the normal rat without 
adrenal h3"pertroph3% and of the adrenalectomized or hypophysectomized 
rat to this stimulus could be interpreted in terms of a similar extra- 
pituitary humoral mechanism. The most cogent remaining evidence for the 
existence of a pituitary erythropoietic factor distinct from ACTH was the 
reported ability of pituitar3'- fractions to stimulate erythropoiesis in the 
absence of the adrenal. The validit3? of this evidence has been re-examined. 

In previous bio-assays of pituitar3'^ fractions in h3^pophysectomized- 
adrenalectomized rats difficulties had been encountered in maintaining 
the rats in good health, with resultant small numbers which survived the 
14 -day injection period. In efforts to determine a satisfactor3'- regimen it 
had been found that substitution of 1 % NaCl for drinking water was not 
adequate for maintenance after adrenalectomy combined with hypophy- 
sectomy. A larger proportion of the rats survived for the test period when 
given desox3'^corticosterone acetate (DCA) in sesame oil, or desoxycorti- 
costerone trimeth3dacetate in microcr3’^stalline aqueous suspension. When 
DCA was combined with cortisol acetate the rats remained in even better 
condition. Due to the possible action of cortisol on body weight and red cell 
volume the latter steroid was not adopted for maintenance in all experi¬ 
ments. 

Three series of experiments were performed in which corticotrophic prep¬ 
arations were tested for er3Thropoietic actxvit3' in h 3 ^poph 3 "sectomized rats 
deprived of the adrenals. In the first two series, an oxycellulose eluate of 
sheep anterior pituitary was injected, in the third series alpha-corticotro¬ 
pin® was injected. In all series the preparations were assa3'^ed simul¬ 
taneously in hypophysectomized rats. 

The degree of anemia and its repair in hypophj'sectomized rats has been evaluated 
in this laboratory by determination of red cell volume using the dilution method. 
This method though expensive and more time consuming than some other methods such 
as total red cell counts, reticulocjTe counts, or hematocrit determinations, protects 
from errors introduced by possible changes in total blood volume. Due attention should 
be paid, however, to changes in body weight, or conditions which change the size or life 
span of the red cells (37). The test animal used in assaj" of erj'thropoietic potencj' of 
pituitary preparations was the female rat of the Long-Evans strain which was hypoph¬ 
ysectomized at 26-28 da 3 'S of age and used after a 45-dajf period. After this interval 
the post-hypophysectomj' anemia has attained a reasonabb" stable value 40-50% below 

= Alpha-corticotropin was kindly supplied by C. H. Li, of the Hormone Research 
Laboratorj', Berkeley. 
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normal, the red cell volume (RCV) being on the average 1.40 to 1.50 ml./100 gm. BAV. 
compared with the values in the normal rat of 2.30-2.40 ml./lOO gm. BW. The pituitary 
fractions to be tested were suspended in beeswax and peanut oil and were injected subcu¬ 
taneously daily for 14 days. Twenty-four hours after the last injection, red cell volumes 
were determined by the Fe®’-tagged red cell dilution method (38) which was briefly as 
follows: Labelled red cells were obtained from a rat previously injected with Fe^®. A 
small, known volume of blood containing Fe^®-tagged red cells of known specific activity 
was injected into the external jugular vein of the test animal under ether anesthesia. 
After 6 minutes to allow mixing of the injected sample in the recipient animal, a large 
sample of blood was drawn from the abdominal aorta into a heparinized s,vringe. The 
dilution of radioactivity was then determined in a blood sample of known volume. The 
red cell volume was calculated from these data and the hematocrit, and was then ex¬ 
pressed in relation to body weight. 

The oxycellulose eluate of sheep pituitary was prepared as follows. An aqueous ex¬ 
tract of sheep pituitary was heated to 85° C. over an open flame with vigorous stirring 



Fig. 1. Response of hypophysectomized 
female rats to graded doses of oxycellulose 
eluate. Each point represents the RCV of 
15 to 30 rats. 


The clear filtrate obtained from the coagulated suspension was brouglit to 0.1 N by 
addition of glacial acetate acid (pH 3.8), was adsorbed on oxycellulose, eluted with 
0.1 N HCl, neutralized, dialyzed and lyophylized. The preparation was standardized 
carefully for erythropoietic activity in the anemic hypophysectomized rat before use 
in this series of experiments. The curve (Fig. 1) obtained from injection of increasing 
doses under standard assay conditions shows that the log dose-response relationship in 
hypophysectomized rats was linear. 

The experimental animals were hypophysectomized at 28 days of age and injections 
ivere begun 51 days later. During this postoperative interval the rats were observed 
carefully, and any which appeared incomplctelj' hypophysectomized (as judged by 
weight change, body tone, character of pellagc or vaginal opening) were discarded. Rats 
which were also adrenalectomized were subjected to the second operation 50 days after 
hypophysectomy and injections were begun the next day. The adrenals when removed 
ivere carefullj' examined and no animals in which the cortex had been injured were 
included in experimental groups. At autopsy the completeness of hypophysectomy an 
adrenalectomy \vere determined by careful examination of the operation sites at 10- o 
magnification. An.y tissue not identifiable on gross e.xamination was sectioned and 
appropriately. Cortical fragments less than 1 mm. in diameter were found 'p ® ° 
adrenalectomized rats. Though the red cell volumes of these animals did not differ roin 
those of completely adrenalectomized rats, these results were not included in the a a 
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presented. The adrenalectomized rats were not subjected to the usual terminal test for 
completeness of adrenalectomy, i.e., transfer to a high potassium-low sodium diet (6) 
as the blood withdrawal necessitated in determinations of blood volume invalidates this 
test. 

Table 1 shows that the corticotrophic preparations caused no repair of 
the anemia in lij'pophysectomized rats deprived of their adrenals, al¬ 
though these same preparations were effective in restoring to normal the 
red cell volume and other hematological values in the h3"pophjfsectomized 
rats which were injected concurrentijn The hematological values in hj'-- 
pophj’sectomized-adrenalectomized rats receiving ACTH and supported 
bj’' steroids were somewhat higher than in untreated hj’-pophj’^sectomized 
rats, but these values were also higher in hypophj'^sectomized-adrenal- 
ectomized rats and in hj'pophj'^sectomized rats injected onlj’- with steroids. 
The increase is therefore not attributable to the action of ACTH. 

These experiments do not confirm the earlier reports, and give no sup¬ 
port to the concept that tlie erythropoietically active pituitary component 
is a separate hormone. The substance traced in chemical fractionations of 
pituitary tissue by its effect on red cell volume in hypophysectomized rats 
appears to have been the adrenocorticotrophic hormone. Although it is 
well established that the pituitary plays a role in regulation of erythro- 
poiesis, there is no satisfactoiy evidence for a pituitary erythropoietic 
factor distinct from the known pituitary hormones. The adrenocorticotro- 
phie hormone is clearly instrumental in the regulation of red cell volume, 
as is tlijn’otrophic hormone and possibty groAvth and gonadotrophic hor¬ 
mones. The relative importance and mechanism of action of the several 
factors remains to be determined. 
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* Injected Rtoups received 1.3 mg. oxycellulose cluate suspended in 0.1 ml. of 4% beeswax in peanut oil snbciifancoiisly, daily for 14 days, 
t Injected groups received 25 pg. aiphn-corticotrophin suspended in 0.1 ml. of 5% beeswax in peanut oil subcutaneously, daily for 14 days. 
t Desoxycorticosterone acetate (Ciba) was given in a 0.05 ml. sesame oil subcutaneously, daily for 14 days. 

Ucsoxycorticosterone trimcthyl acetate (Ciba) >vas given in a single subcutaneous injection in 0.0% NaCl on the day of adrenalectomy. 
Oortisol (Merck hydrocortono acetate) was given in 0.1 nil. of 0.9% NaCI subcutaneously daily for 14 days. 
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ABSTRACT 

The ability of stallion testis, human term placenta and a human feminizing 
adrenal cortical carcinoma to convert C'^'-testosterone to C'Gabeled estrogenic 
steroids has been demonstrated. The relationship between this conversion and 
the biosynthesis of estrogens by these tissues lias been discussed. 

S TUDIES previously reported from these laboratories demonstrated 
the conversion of testosterone-3-C*‘' to C-estradiol bj' human ovarian 
slices (1). Similar results have been obtained by AVotiz, ct ah who reported 
the formation of C‘'-labeled estrone and estriol as well as estradiol from 
C^'-testosterone incubated with human ovarian tissue showing cortical 
stromal hyperplasia ( 2 ). In addition to these studies Heard, et ah have 
found that estrone-C is a urinaiy metabolite of testosterone-I-C" in the 
pregnant mare (3). Mejmr has shown the formation of estrone from 19- 
hydroxy-4-androstene-3,17-dione in endocrine tissue and has suggested 
that the IQ-oxj^genated compound is an intermediate between the C 19 neu¬ 
tral steroids and Cis aromatic steroids (4). 

There is no direct evidence that this pathway from testosterone to 
estrogens is the major one operating in the endocrine tissues producing 
estrogens. Some further indirect evidence bearing on this point can be 
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furnished studies of the ability of various tissues to carry out the con¬ 
version of testosterone to estrogenic steroids. 

The results presented in this paper demonstate the ability of three ad¬ 
ditional t3^pes of endocrine tissues, all thought to produce estrogens, to 
carry out the conversion. These tissues are stallion testis, a human adrenal 
carcinoma, and a human placenta. 

EXPERIMENTAL 

Counter-Cttrreni Distributions 

All 49- and 99'transfer counter-current distributions were carried out in a 100-tube 
glass Craig counter-current distribution apparatus (H. 0. Post Scientific Apparatus 
Conipan30- Unless otherwise indicated, equal volumes, 10 ml. each, of upper and lower 
laj’ers were used for each transfer. The fractions were evaporated under reduced pressure 
with constant agitation, or from the frozen state. 

Short distributions, four or eight transfers, were carried out in separatory funnels, 
lower layers being transferred. 

Determination of Radioactivity 

Samples for radioactivitj' analj'sis were plated directlj' in stainless steel counting 
dishes (1 inch in diameter, ^ inch in depth) from organic solvents, usually 95% 
ethanol. All samples were essentially infinitely thin, less than 0.3 mg./cm.^ They were 
counted in a windowless flow counter. At least 2000 counts were accumulated and all 
counts reported are corrected for background. 

Determination of Estrogens 

The counter-current distributions were analyzed for estrogen by the method of Engel 
et al. (5), measuring fluorescence at 488 mp after heating in H 2 S 04 (6). A Farrand photo- 
fluorometer was utilized for the measurement of fluorescence. 

Tissue Incubations and Extractions 

Stallion Testis. A single testis (65 gm.) removed from a four-jmar old Palomino® was 
immediately homogenized for two minutes in a Waring blendor with 120 ml. of 0.85% 
NaCl solution. The homogenized mixture was centrifuged at low speed and most of the 
supernatant fluid was decanted. The residue was suspended in 50 ml. of 0.06 M phos¬ 
phate buffer (pH 7.4) containing 0.075 mM of sodium furaarate, 0.75 mM of nicotina¬ 
mide, and 0.5 mM of MgCb. The homogenized tissue was divided equally among five 
125 ml. Erlenmejmr flasks each containing 1 mg. of testosterone-3-C"'* (490,000 cpm/mg.) 
dissolved in 0.1 ml. of propjdene glycol. Incubation was carried out at 37° for 3 hours 
with shaking, using air as the gas phase. 

The contents of the five flasks were combined and 5.0 mg. of estrone were added. 
The mixture was dried from the frozen state and the residue extracted in a Soxhlet 
extractor as described bj" Rj'an and Engel (7). 

Adrenal Carcinoma. This tumor, which weighed 2 Kg., was removed from a 66-jmar 
old male showing marked gynecomastia. His preoperative urinary 17-keto6teroid level 
was 510 mg./24 hr. (8). Paper chromatographic (9) e.xamination of the extract disclosed 
a high proportion of dehj'droepiandrosterone. Excretion of estrogens was also markedly 
elevated. The daily excretion of estrone was 187 pg.; estradiol, 47 pg.; and estriol, 170 pg. 

® We wish to thank Mr. Dwight Jacobs, Lynbrook Farm, Southborough, Massa¬ 
chusetts, for his cooperation in making this tissue available. 
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(5). Levels of 17-ketosteroids and estrogens fell to low levels post-operatively, but sub- 
sequentl}'^ increased with growth of metastases. 

A portion of the tumor was sliced in a Stadie sheer (0.5 mm. thickness) and 50 gm. 
of slices were added to each of two 750 ml. Erlenmeyer flasks containing 100 ml. of high 
potassium medium (10), 300 mg. glucose, 0.1 mM of potassium fumarate, and 0.23 mg. 
of testosterone-3-C^‘' (2.35X10“ cpm/mg.) in 0.2 ml. of propylene glycol. The flasks were 
flushed with 95% 02—5% COo and incubated with shaking at 37° for 3 hours. Ten mg. 
each of estrone, estradiol, and estriol as well as several neutral steroids were added to 
the incubated mixture which was then homogenized in a Waring blendor and extracted 
with a mixture of methanol and chloroform according to a modification of the method of 
Folch (11). 

Human Placenta. Tissue from a human term placenta was sliced in a Stadie sheer 
(0.5 mm. thickness), and 7.5 gm. of slices were incubated in 18 ml. of human serum en¬ 
riched with 0.018 mM of potassium fumarate and 10 mg. of glucose and containing 
0.23 mg. te3tosterone-3-C*‘' (2.35X10“ cpm/mg.) previously dissolved in 0.2 ml. propjd- 
ene glycol. The flask was flushed with 95% ©2 — 5% CO 2 and incubated 3 hours at 37° 
with shaking. 

Two mg. each of estrone, estradiol and estriol were added to the incubation mixture 
as carriers along with 10 mg. each of several neutral steroids. The mixture was homogen¬ 
ized in a Waring blendor and extracted repeatedl)' with ethjd acetate, and ether;chloro¬ 
form (4:1), and then with 10 volumes of acetone (12). Finally the residue was extracted 
three times with 20 volumes of chloroform:methanol (2:1). The combined extracts were 
evaporated to dryness. The residue was dissolved in chloroform and washed with 1/10 
volume of water. 

Preliminary Purification of Crude Extracts 

Each of the extracts was subjected to an 8 transfer counter-current distribution be¬ 
tween hexane and 90% methanol. In each case there was a peak in radioactivity in 
funnel 8 which contained the most polar material. In each experiment the contents of 
funnels 5-8 contained the bulk of the radioactivity and the carrier steroids present in 
the crude extract and were therefore combined. These polar fractions were next sub¬ 
jected to phenolic separations. In the ease of tlie material from the incubations with 
stallion testis and the adrenal tumor, phenolic separations using toluene and IN NaOH 
were carried out (5), followed by 8-transfer distributions in the same solvent system 
(1). In both cases there were peaks in activity in the NaOH ends of the distributions. 
In the case of the fraction from the incubation noth placental tissue, the phenolic ma¬ 
terial was separated bj’^ passing the fraction dissolved in methanol through an ion ex¬ 
change resin (Nalcite SAR-8) in the bicarbonate cycle and washing the resin with addi¬ 
tional methanol to remove neutral material.® The phenolic material was then eluted with 
5N acetic acid in methanol. This procedure was repeated on the phenolic fraction from 
the first column. 

The phenolic fraction from the incubation of stallion testis contained 2410 cpm; tlie 
one from the incubation of the adrenal carcinoma, 9730 cpm; and the one from the incu¬ 
bation of placenta, 316,000 cpm. 

Separation and Purification of Estrogenic Steroids 

Stallion Testis. Two mg, of estradiol were added to the phenolic material 
and the mixture subjected to a 99-transfer counter-current distribution in 
70% methanol-30% H2O/40% CHCI 3 —60% CCb. 


“ Engel, L. L. Unpublished data. 
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There was a small peak in radioactivity in the same tube as the peak in 
estrone (K’' = 0.21); however, the level of radioactivity was too low to per¬ 
mit accurate measurement or further study. A peak in radioactivity also 
coincided with the peak in estradiol (K=1.04); however, this region was 
contaminated by radioactivity slightly more polar than the estradiol. The 
contents of the tubes containing the estradiol (l.SS mg.) were pooled and 
subjected to a 49-transfer counter-current distribution in a solvent system 
consisting of 30% ethyl acetate—70% cyclohexane/50% ethanol—50% 
water. 

Statistical analysis of the second counter-current distribution in the 
estradiol region for 1.50 tubes (13) indicated radiochemical purity, the p 
value being greater than 0.2 and the coefficient of variation for specific 
activity, 0.11 (14). However, the counter-current distribution curve in¬ 
dicated that a moi'e polar impurity overlapped the estradiol slightly. The 
specific activity was 400 +44* cpm/mg. 

Adrenal Carcinoma .—The phenolic fraction was subjected to a 99-trans¬ 
fer counter-current distribution in 30% ethyl acetate—70% cyclohexane/ 
50% ethanol—50% HsO. Peaks in radioactivity coincided with the peaks 
in estrone and estradiol. The mean specific activity of the estrone (K = 
1.75) in the region of the peak was 1260 ±40 cpm/mg. The estradiol peak 
(K = 0.7S) had a mean specific activity of 864 +21 cpm/mg. There was no 
peak in radioactivity associated with the peak in estriol (K=0.053). 

Placenta. The phenolic material Avas subjected to a 99-transfer distribu¬ 
tion in 70% methanol—30% H2O/40% CHCb—60% CCb. A peak in 
radioactivity conicided with the peak for estrone (K = 0.22). It contained 
0.40 mg. of estrone and 82,300 cpm. The experimental points for radio¬ 
activity did not fit the theoretical distribution curve, indicating a lack of 
purity. The estradiol peak also corresponded to a peak in radioactivity 
(K = 1.02). This peak contained 0.42 mg. of estradiol and 79,100 cpm. As 
in the case of the estrone, the estradiol was not radiochemically pure. There 
was considerable radioactivit}" in a peak slightlj’' more polar than the peak 
in estriol (K = 4.S2). This radioactivity overlapped the estriol peak, thus 
obscuring any peak that might have coincided Avith the estriol. The con¬ 
tents of tubes 0-64, containing all the estrone and estradiol, AA^ere com¬ 
bined; contents of the remaining tubes, 65-99, containing the estriol and 
the polar radioactiAm compound, Avere also combined. 

To the pool containing the estrone and estradiol from the preceding 
distribution AA^as added an additional 10 mg. each of estrone and estradiol. 
The mixture AA^as then subjected to a 170-transfer counter-current dis¬ 
tribution in a soh'^ent sj'^stem consisting of 70% methanol—30% H2O/20% 


’Partition coefficient, K = (concentration in upper phase)/(concentration in loAA-er 
phase). 

* Standard de\dation. 
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CHCI3 —80% CCI4. Peaks of radioactivity were associated both with the 
peak of estrone and that of estradiol; however, neither compound was yet 
radiochemically pure. 

The estrone from the distribution of estrone and estradiol was subjected 
to a 99-transfer counter-current distribution using 40% ethyl acetate— 
00% cyclohexane/60% ethanol—40% water. A single peak of radioactivity 
and fluorescence (K = 1 . 02 ) was obtained. Statistical analysis of the data 
indicated radiochemical purity of this substance. The estrone had a spe¬ 
cific activity of 5041 ±625 cpm/mg. 

The estradiol region from the 170 transfer counter-current distribution 
of the combined estrone and estradiol was pooled. This material was sub¬ 
jected to a 99-transfer distribution in 30% ethyl acetate—70% cyclo¬ 
hexane/50% ethanol—50% H 2 O. A single peak of radioactivity and 
fluorescence was observed (K = 0.71). Statistical analysis indicated radio¬ 
chemical purity. The estradiol had a mean specific activity of 4375 ± 644 
cpm/mg. 

The estriol from the first distribution was diluted with an additional 10 
mg. of unlabeled estriol and subjected to a 99-transfer counter-current 
distribution between 50% ethyl acetate—50% cyclohexane and 33% 
ethanol—67% H 2 O. The peak in estriol was associated with a much 
broader peak in radioactivity. The contents of the tubes around the peak 
of estriol were pooled. These contained 65% of the total amount of carrier 
estriol in the peak. This estriol was subjected to a third counter-current 
distribution. Ninety-nine transfers were applied in a solvent system con¬ 
sisting of 70% methanol—30% H 2 O/ 60 % CHCb—40%, CCb. The vol¬ 
umes of the upper phases were 5 ml. for each tube, one-half the volume 
of the lower phase. The peak in estriol (K = 2.60) appeared to be associated 
with a peak in radioactivity. However, a second peak in radioactivity 
(K = 1.60) overlapped the peak in estriol, thus preventing an evaluation 
of its radiochemical purity. 

The tubes containing 95% of the carrier estriol were combined and sub¬ 
jected to a 250 transfer counter-current distribution with recycling in 70% 
methanol—30% H 2 O/ 60 % CHCb—40% CCI4, using a phase volume 
ratio of 0.5. This separated the less polar contaminant from the carrier 
estriol. However, statistical analysis of the estriol region indicated that 
the radioactivity has been separated from the carrier estriol and that the 
displacement of the two peaks was 1.4 tubes. 

In order to substantiate this observation, the material in the region 
containing the carrier estriol was methylated by the procedure of Brown 
(15) and the product was subjected to a 99-transfer distribution, using 
50% methanol—50% H 20 /carbon tetrachloride as solvent. The carrier 
estriol meth 3 d ether had a partition coefficient of 1.3 and the radioactivity 
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a partition coefficient of 2.3, thus confirming the small separation ob¬ 
served in the original 250 transfer distribution. 

DISCUSSION 

The data presented herein demonstrate the ability of three endocrine 
tissues to carrj^ out the conversion of testosterone to estrogenic steroids. 
The ability of ovarian tissue to produce estradiol from testosterone has 
been reported previously (1, 2). Although markedly different in origin and 
structure, these tissues are all considered capable of producing estrogens 
in vivo. 

Stallion testes have been found to contain a very high concentration of 
estrogenic steroids (16). It is assumed that the estrogens in stallion urine 
(17, IS, 19) are metabolites of the estrogen produced by the testicular 
tissue. The experiment presented here indicates that the testicular estro¬ 
gen may have as its precursor testosterone or a similar nineteen-carbon 
steroid produced by the testis. Estrogen has also been demonstrated in 
human testicular tissue, both normal ( 20 ) and neoplastic ( 21 ), and it is 
reasonable to suppose that its mode of formation is similar. 

The coiiA'-ersion of testosterone to estrogenic steroids by the adrenal 
carcinoma is a finding consistent with the evidence indicating that such 
tumors are capable of producing estrogens in vivo. The patient in this 
study had gynecomastia and loss of libido, both signs of overproduction 
of estrogens. In addition, his urinary excretion of estrogens was markedly 
elevated prior to the removal of the tumor. Since the conversion of testos¬ 
terone to estrogenic steroids has been demonstrated in patients lacking 
adrenals and gonads ( 22 ) and since this patient was excreting large 
amounts of Cig steroids, the possibility exists that the urinary estrogens 
were metabolites produced in non-endocrine tissue from the compounds 
secreted by the,tumor. Another possibility is that the tumor secreted some 
substance, perhaps a trophic hormone, which stimulated the secretion of 
estrogens by the unaffected adrenal or the gonads. The demonstration 
that the tumor tissue was capable of converting testosterone to estrogenic 
steroids seems to indicate that the enzymes required for the terminal 
steps in one pathway for the formation of estrogens were present. This, 
in conjunction Avith the evidence from the urinarj'- excretion studies that 
the tumor produced C 19 steroids, is strong suggestive evidence that a 
conversion of this type could be responsible for the production of estro¬ 
genic steroids. In males, tumors of the adrenal cortex are often associated 
with feminization (23). Salhanick and Berliner (24) have recently de¬ 
scribed the isolation of equilenin from such an adrenal tumor. That the 
normal adrenal produces estrogens is indicated by the isolation by Beall 
(25) of estrone from beef adrenals. 
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In a parallel study in Avhich slices of this adrenal tumor were incubated 
with 50 /xC of CHa C^^OO Na, no measurable radioactivity was found as¬ 
sociated with the estrogens isolated,® demonstrating that under the con¬ 
ditions used testosterone was a far better precursor than acetate. In the 
case of the incubation with C^'' acetate, however, no labeled neutral ster¬ 
oids could be isolated, indicating either that the amount of C'"’ acetate was 
insufficient or the conditions unsatisfactory for appreciable incorporation 
of acetate into the steroids. 

The third experiment demonstrates the ability of placental tissue to 
synthesize estrogenic steroids from testosterone and is in accord with the 
observations of Ryan who demonstrated aromatization of testosterone by 
human placental microsomes in the presence of reduced triphosphopyri- 
dine nucleotide and molecular ox 3 ''gen (26). The human placenta has been 
well established as a source of estrogens both b}' direct isolation (27, 28, 
29) and b}^ the effect of its presence on urinary estrogens (30). In addition, 
dog placenta was shown by Meyer to convert 4-androstene-3,17-dione and 
19-hydroxy-4-androstene-3,17-dione to estrone (4). 

These experiments together offer further suggestive evidence that tes¬ 
tosterone or a similar nineteen carbon steroid is a normal intermediate 
in the biosjmthesis of estrogenic steroids. Although these experiments are 
not strictly comparable since the incubation conditions were different, the 
differences in the extents of conversion of testosterone to estrogens are 
striking. The relatively small conversion of testosterone by the stallion 
testis is consistent with the fact that the predominant function of testis 
is to secrete Cio steroids. The low conversion bj" the adrenal tumor fits 
well into the over-all nature of its secretion as judged by urinaiy steroids. 
In this respect tlie tumor is similar to the stallion testis. Although the 
effects of the estrogens on the male host were marked, estrogens were 
quantitative!}" minor products compared with the Cio steroids. 

The striking conversion of testosterone to estrogens by the placenta is 
of particular interest. If testosterone is an intermediate in the synthesis 
of estrogens by this tissue, it must undergo rapid turnover since there is 
no evidence suggesting that the placenta releases significant quantities of 
androgens into the blood stream. The enzymatic reaction limiting the 
production of estrogen is more likely to be one involved in the synthesis 
of testosterone rather than in the conversion of testosterone to an estro¬ 
genic steroid. It is interesting to consider the possible role of testosterone 
as a precursor of estrogens in the placenta in the light of other steroids 
produced by this organ. Progesterone, a well-established hormone of the 
placenta, has been shown to be oxidized to 17 Q:-hydroxyprogesterone by 
testicular and ovarian tissue (31, 32, 33, 34). The ability of the placenta 
to form 17a:-hydroxyprogesterone has been indicated by the work of Hen- 


® Engel, L. L. and B. Baggett. Unpublished data. 
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mann (35) who found an increase in urinaiy excretion of pregnane-3a, 17 q;, 
20 a-triol in pregnane}^ The conversion of 17a-h3-drox3^progesterone, in 
turn, to Cl 9 steroids has been demonstrated in testicular tissues (32), 
althougli not in placental tissue. The steps b 3 '^ which placental progesterone 
ma 3 f be conA^erted to placental estrogens are, therefore, nearl 3 '^ all estab¬ 
lished. This interesting relationship between the two classes of steroidal 
female sex hormones was suggested earlier b 3 ^ Solomon et al. (34) with 
reference to the ovary, and more recentl 3 '- supported by the experiments 
of Savard et al. (36) with the pregnant mare. 

The high activit 3 " of the placenta with respect to steroid metabolism is 
further attested by the presence of as yet unidentified phenolic transfor¬ 
mation products of testosterone. Attention is drawn in particular to the 
polar substance which followed the carrier estriol with such tenacit 3 '^ and 
which were separated onl 3 ^ after a 250 transfer counter-current distribu¬ 
tion and methylation. These findings emphasize once more the need 
for the application of stringent criteria of radiochemical purity before 
concluding that a radioactive transformation product and an added car¬ 
rier are identical. 
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NOTES AND COMRIENTS 

THE EFFECTS OF NEUROHYPOPHYSIAL EXTRACTS ON THE 
TADPOLE OF THE FROG, HELEIOPORUS EYREI 

ABSTRACT 

Heleioportts eyrei tadpoles increase their body weight when injected with 
Pitocin but not Pitressin. This response takes place at a relativel}' early stage 
of development compared to the other species previously tested. 

Adult Anura respond to injections of neurohypophysial extracts by increasing their 
bodj- weight. This is due to an increase in the rate of water uptake through the skin and 
an antidiuresis (1). This response has not yet been demonstrated in marine and fresh¬ 
water gill-breathing species (2) with the notable e.xception of the axolotl (3). The tad¬ 
poles of Anura are in an interesting position in that they are a fresh water form that 
breathes by mean of gills, destined to become a terrestrial species with all the associated 
problems of water balance. The tadpole of the toad Bufo bufo does not respond, bj"^ in¬ 
creasing its body weight, to injection of neurohypophysial hormone till it has reached 
the stage of development where its tail disappears (4). Whether all larval Anura respond 
at such a relativel}' late stage of development is not known but it appeared possible that 
it may develop earlier in a species that will live in drier conditions than Bxifo bufo. 

The tadpoles of the burrowing frog Heleioponis eyrei which lives in a large area in 
southwest Australia were studied. 

Injections of Pitressin and Pitocin (Parke, Davis & Co.) were given with an "Agla” 
micrometer syringe. The skin at the base of the tail was punctured and the needle 
pushed under the skin to the center of the back where the injection was made. The 
hormones were given in distilled water (1% of the body weight). The animals ranged in 
weight from 1.5 to 2.8 gm. and were matched for size and state of development in two 
groups. Hind limb rudiments were visible but the fore limbs were not due to appear for 
several weeks. The animals were weighed to 0.1 mg. in a tared weighing bottle containing 
tap water. During the experiments the animals were kept in tap water at 16 to 18° C and 
not fed. 

With Pitressin 1 u./lOO gm. there was a loss in weight over a 3 hr. period of 0.61 
gm./lOO gm. (S.E.+0.92) in 18 animals while with the same dose of Pitocin there was 
an increase in weight of 4.01 gm./lOO gm. (S.E.+ 0.82) in 16 animals. This difference in 
response is highly significant (t = 3.696 P< 0.001). Thus these tadpoles show a differ¬ 
ential response to Pitocin and Pitressin, the former being active in increasing the body 
weight as found in adult H. eyrei (5). Whether this increase in weight is due to an anti¬ 
diuresis and/or an increase in water uptake through the skin is unknown but the defin¬ 
itive mesonephric kidnej" takes up trypan blue which indicates that it is functional (6). 
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EFFECT OF HYPOPHYSECTOMY AND GROWTH HORMONE 
ADMINISTRATION UPON THE GOLGI APPARATUS IN 
THE ISLETS OF LANGERHANS IN THE RAT 

ABSTRACT 

The histologj' of the islets of Langerhans of the hypophj'sectomized rat was 
studied using the state of the Golgi apparatus as a criterion of activity. This seems 
to be a somewhat more sensitive indicator than the general stains usuallj' employed. 
Twelve male Long-Evans rats were hypophysectomized at 40 days of age and 
sacrificed 14 days post-operatively along with a group of 12 normal pair-fed controls, 

G normal ad libilum-ied controls and 4 animals fed ad libiliim and given 2.5 mg. of 
growth hormone per day intraperitoneally for 4 days. Slides were prepared for 
demonstration of the specific granules and the Golgi apparatus. In none of the groups 
were significant changes noted in the granules of either alpha or beta cells, but in 
the Golgi preparations there was striking atrophy of the beta cell Golgi bodies in the 
hypophysectomized animals as compared with cither the ad libitum- or the pair-fed 
controls. Treatment with growth hormone restored the Golgi apparatus toward 
normal, but the significance of this observation remains in doubt because the food 
intake was not restricted. The alpha cell Golgi bodies were not altered in any of the 
groups. 

Since it was observed that administration of large amounts of anterior pituitary ex¬ 
tracts ivould produce permanent diabetes in the dog, considerable ivork has been devoted 
to elucidating the normal relationships between the pituitary and the islets of Langer¬ 
hans. A trophic relationship between the pituitary and the beta cells of the islets similar 
to that existing between the pituitary and other target organs wms postulated by Ansel- 
mino and coworkers (1, 2). It has been since confirmed that anterior pituitary extracts 
(3), and particularly growth hormone (4), will produce islet hyperplasia. Nevertheless, 
the idea of a trophic relationship has been discarded because hypophj’^sectoni}’ does not 
result in atrophy of the beta cells similar to that found in the target organs for which 
such a relationship has been established. Furthermore, there is no evidence indicating 
that the ability of the pancreas to produce insulin is impaired. 

The relationship between the anterior pituitar 3 '- and the alpha cells of the islets has 
onl}' recentl}' been explored and is clouded by conflicting evidence. Ferner, cl al. (5) and 
Kracht (6) have claimed that hypophi’^sectomy reduces the ratio of alpha to beta cells 
and that administration of groivth hormone restores the normal ratio. Their studies were 
based upon silver stains for demonstration of the alpha cells, a procedure wdiich has been 
called into serious question bj’^ Volk, Goldner and Frank-Crowdej'^ (7). These authors 
have pointed out the capricious nature of silver preparations and have restudied the islets 
of hj'pophj'sectomized rats using several other stains ivhich thej^ felt ivould demonstrate 
the alpha cells more reliabljL Thej' ivere unable to find evidence of atrophy of the alpha 
cells, nor changes following growth hormone administration except after very prolonged 
treatment. Under these conditions, the number of alpha cells initiallj" increased and then 
decreased. Other investigators have found either no change in the alpha cells after grow 1 1 
administration (8) or an increase in activitj" (9). 
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Fig. 3. Golgi preparation of islet from a control rat pair-fed with the animal wdiose 
islet is seen in Figure 2. Islet consists mostl}' of beta cells w ith much more elaborate Golgi 
bodies than seen in Figure 2. X917. 



Fig. 4. Golgi preparation of islet from groivth hormone-treated rat. Beta cell 
bodies are more elaborate than those of hypophysectomized rat in Figure 2. X 91 


April, 1959 


NOTES AND COMMENTS 


613 


Enough uncertainty still remains about the effects of altered levels of pituitary func¬ 
tion on the alpha and beta cells that it seemed worthwhile to restudj^ the islets of rats 
after hypophysectomy and after growth hormone administration, using as a criterion of 
activity the state of the Golgi apparatus. 

METHODS 

Twelve male Long-Evans rats were hypophysectomized by the ' . ’ —iroach 

at -10 days of age and were then placed in individual cages so that tl could 

be measured. Twelve normal rats of the same sex and age were also ^ cages 

at this time and each was pair-fed with one of the hypophysectomized rats. Both groups 
were sacrificed after 14 days. Completeness of operation was ascertained at autopsy by ex¬ 
amination of the operative site using a binocular dissecting microscope. A group of 4 hypoph¬ 
ysectomized female rats of 40 days of age was given 2.6 mg. of growth hormone per day 
intraperitoneally, with food allowed ad Ubilinn. These animals were sacrificed after 4 days of 
treatment together with a group of normal controls also fed ad libitum. Other animals treated 
with growth hormone were restricted to the food intake of hypophysectomized animals, but 
unfortunately, these animals died, presumably of hypoglycemia, as described by Milman and 
Russell (10). In all cases, part of the tail of the pancreas was fixed in Bonin’s fluid, cut at 4 /j 
and stained with Gomori aldehyde fuchsin, chromotrope and light green for specific granules, 
while another part of the tail of the pancreas was fixed in Champy-Kull fixative and the 
Golgi apparatus impregnated b}^ the Nassonov-Kolatchev method. The growth hormone 
emploj’ed was prepared bj' the method of Wilhelmi et al. (11). 

RESULTS 

Preparation stained for specific granules. The islets of the normal animals showed well- 
granulated beta cells and the usual shell of moderately granulated alpha cells. The beta 
cells in the hypophysectomized animals appeared to be somewhat smaller but contained 
a normal amount of granular material and looked normal otherwise. The alpha cells 
were unchanged. The islets of the pair-fed animals were indistinguishable from those of 
the normal controls. 

Golgi preparations. As described previously (12), the two cell types in normal islets 
showed Golgi bodies of very different appearance. Those of the beta cells w'ere quite 
large and moderately elaborate w'hile those in the alpha cells were quite small and simple 
(Fig. 1). 

In the beta cells of all of the hypophj'sectomized animals the Golgi bodies were ex¬ 
tremely small and simple (Fig, 2). Those of the alpha cells were apparentl}^ unchanged. 

The animals which were pair-fed with the hypophysectomized animals showed some 
reduction in the intricacy of their beta cell Golgi bodies (Fig. 3), but this never ap¬ 
proached the degree of change observed in the hypophysectomized animals. The alpha 
cells appeared to be unchanged when compared with either the hypophysectomized or the 
normal ad libitum-fed controls. 

The animals treated with growth hormone showed a definite increase in the size and 
comple.vity of the beta cell Golgi bodies and no change w'hatever in those of the alpha 
cells (Fig. 4). 


DISCUSSION 

The basis for using the appearance of the Golgi apparatus as a criterion of the func¬ 
tional state of the islet cells has been discussed in a preceding paper (12). If the interpre¬ 
tation of the changes in the Golgi bodies in the hj'^pophysectomized animal is accepted as 
indicating a reduction in function, then it is necessarj- to consider the significance of this 
change. The explanation could lie along at least two lines. First, the hj’-poph 3 "sectomized 
animals maj" have had lower blood sugars than did the pair-fed controls, but it is highl 3 ^ 
unlikely that this was the case, since it is well-established that the hypophysectomized 
animal allowed food ad libitum maintains normal blood glucose levels (13). Second, the 
diminution in activit 3 ’ might have resulted from removal of one or more pituitar 3 '’ hor¬ 
mones which ordinarih" directl 3 ’^ stimulate the beta cells. This does not necessaril 3 ' imph' 
a trophic relationship, however, since the lwpoph3'sectomized animal obviousl 3 ' retains a 
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considerable ability to produce insulin. The question of whether or not the beta cells of 
the hj'pophysectomized animal are able to respond normally to the stimulus of elevated 
glucose levels is currently under investigation. 

It is not possible at this time to decide which of the pituitary hormones may be in¬ 
volved, since at least ACTH, lactogenic and growth hornione are considered to act as 
stimuli to the beta cells either directly or indirect^. The observation that growth hor¬ 
mone appeared to restore the Golgi bodies of the beta cells toward normal would tend to 
favor the possibility that it, at least, is involved. However, it has not yet been possible 
to separate its effect from changes in food intake, inasmuch as our group of growth- 
hormone-treated animals on restricted food intake died. 

The absence of any change in the appearance of the Golgi apparatus in the alpha cells 
is another e.xample of their curious constancy of appearance in the face of what arc sup¬ 
posed to be stimuli to the release of glucagon. 
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ALKALINE PHOSPHATASE ACTIVITY IN THE PITUITARY 
BODY OF THE RAT 

ABSTRACT 

The posterior lobe of the pituitary body of the rat has higher alkaline phosphatase 
activity than the anterior lobe and hypothalamus. This high alkaline phosphatase 
activity in the posterior lobe is due to a concentration of the enzyme in the capillary 
walls of the lobe. Alkaline phosphatase in the capillary walls is more active in the 
posterior lobe than in the anterior and intermediate lobes. The posterior lobe has 
more densely arranged blood vessels than the two other lobes in the pituitary body. 
Alkaline phosphatase activity of the posterior lobe in the rat is not chaiiged by dehy¬ 
dration or administration of corticoids. The relation between alkaline phospha¬ 
tase activity in the posterior lobe and release of hormones into the circulation is 
discussed. 

Recent histocliemical studies have shown that there is a correlation between presence 
of alkaline phosphatase in cells and activity in transport of materials. Capillaries provide 
a most striking example of this (1). On the other hand, it has been demonstrated that 
a rapid discharge of antidiuretic hormone from posterior lobe to blood is elicited by 
stress (2). Therefore, it is likely that in the posterior lobe of the pituitary gland there 
must be an active movement of hormonal substances from nerve endings to blood 
vessels. The present experiments were designed to study the relation between the ac¬ 
tivity of alkaline phosphatase of the posterior lobe and release of hormones from the 
lobe into blood vessels in the rat. Furthermore, the enzyme activity was compared with 
that of the anterior lobe and hypothalamus. 

MATEniAL AND METHODS 

Female adult rats, weighing about 180 gm. were used for the stud 3 ’ of characteristics and 
distribution of the alkaline phosphatase of the tissues employed. For the study of the localiza¬ 
tion of alkaline phosphatase, the.tissues were treated essentially according to the method of 
Gomori (3). They were fixed in cold acetone for 2 hours. The sections were embedded in 
paraffin and cut at 6p. The incubation time was 2 hours in the reaction mixture of pH 9.2-9.8. 
Control runs without substrate were made in parallel. To assaj' the enzj’me activitj'', Ohmori’s 
method was employed (4, 5). The tissues of hj'pothalamus, anterior lobe and posterior lobe 
including intermediate lobe were weighed on a torsion balance immediatelj’ after removal 
from the bodj'. The homogenates were made to contain a particuhar concentration of the tis¬ 
sues per 1.0 ml. bj' adding an appropriate volume of cold de-ionized water. These procedures 
were carried out at 0-5° C. The homogenate of the posterior lobe included the intermediate 
lobe. The reaction tube containing I.O ml. of ammonium buffer and 1.0 ml. of the substrate, 
disodium p-nitrophenjdphosphate (0.05%) was placed for at least 3 minutes in a water bath 
at 37° C and then 1.0 ml. of the homogenate of tissue was introduced into the tube to start the 
enzyme action. After the incubation for a fixed length of time at 37° C, with occasional shak¬ 
ing, 1.0 ml. of 20% trichloroacetic acid was added to stop the enzyme action. A 3.0 ml. aliquot 
was taken from the deproteinized supernatant after centrifugation and added to 3.0 ml. of 
saturated NasCOs solution. After some minutes, j'ellow colored p-nitrophcnol in this mixture 
was determined bj' measuring the optical densitj' at 430 ran, using an electrophotometer. The 
activity of phosphatase is given as /ig. p-nitrophenol liberated in the reaction mixture. To de¬ 
termine the pH optima, the enzvme activity was measured at intervals of 0.2 pH units from 
8.4 to 10.4 (ammonium buffer). In these tests the homogenates were the following concentra¬ 
tion: hj'pothalamus, 5.0 mg./cc; anterior lobe of pituitary 1.85 mg./cc; posterior lobe of pitui¬ 
tary 0.G6 mg./cc. The incubation time at 37° C was 20, 30 or 40 minutes for hypothalmus, an¬ 
terior lobe or posterior lobe, respectivety. Four similar determinations were made. In another 
series of experiments, the effect of varjdng enzj'mc concentration on phosphatase activity was 
observed using the following different amounts of the homogenized tissues per cubic centi¬ 
meter; hj'pothalmus, 1.0, 3.0 and 6.0 mg.; anterior lobe, 1.0, 1.5 and 3.0 mg.; posterior lobe, 
0.4, 0.8 and 1.6 mg. The incubation time was 20 (hypothalamus), 30 (anterior lobe) or 40 
minutes (posterior lobe) at 37° C at the optimal pH. The relation of the length of incubation 
(10, 30 and 40 minutes) to total enzymal activity was tested using tissue homogenates of 5.9 
mg. of hj'pothalamus, 1.33 mg. of anterior lobe, or 0.44 mg. of posterior lobe per 1 ml. at 37° 
C at the optimal pH. After the separate determination of these enzj’me characteristics, the 
alkaline phosphatase activity of the three tissues was compared under the following conditions 
in each of 6 animals. Tho homo'tenates of hj’pothalmus, anterior lobe and posterior lobe were 
prepared to contain 5.0, 1.5 and 0.5 mg. per 1 ml. and the incubation time at 37° C was 20, 40, 
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and 40 minutes at the optimal pH, respectively. The relative enzymal activity of the three 
tissues was calculated from these simultaneous data. Control runs, blanks without added 
tissue, were always made in parallel with the experimental ones. 

In dehj'dration experiments, two groups of littermate rats were used, with 6 adult females 
in each group. The body weights were between 160 and 195 gm. Three females of one litter, 
and three of another, did not receive water for 7 to 11 days, but were allowed to take food 
ad libitum. The 6 remaining rats were given food and water freely and served as controls. The 
alkaline phosphatase activity of the posterior lobe of each animal was determined at the 
optimal pH and 37° C. The incubation time was 40 minutes. The concentration of the tissue 
was 0.4-0.5 mg. per 1.0 ml. of the homogenate. In the next experiment, the effects of desoxy- 
corticosterone acetate (DCA) and cortisone acetate on the activity of the enzyme were stud¬ 
ied. Four adult female rats, weighing about 130 gm., received 5 injections of 5 mg. of DCA. 
The injections were made every other day and the animals were killed on the day after the 
last injection. Five other female rats, weighing about 130 gm. were given 5 mg. of cortisone 
acetate and treated in the same way as in the DCA experiment. Six untreated female rats 
served as controls. The alkaline phosphatase activity of the posterior lobe of each animal was 
assaj'ed. 


RCSUIiT.S 

Deposits of cobalt sulfide, indicating alkaline phosphatase activity, were most dense 
in the capillar}’^ walls of posterior lobe. In fact, the reaction of the capillary walls was 
higher in the posterior lobe than in the anterior and intermediate lobes of pituitary body 
(Figs, 1 and 2). The figures show also more densel}' arranged blood vessels in the pos¬ 
terior lobe than in the anterior and intermediate lobes. There is at present no agreement 
regarding the presence of alkaline phosphatase in nuclei as revealed by the Gomori’s 
method, however, using this technique, deposits of cobalt sulfide were found to be 
heavier in the nuclei of anterior lobe cells than in those of the posterior and intermediate 
lobes, and were not found in cytoplasm of the colls of three pituitary lobes, under the 
experimental conditions used. 

The activity optimum of the phosphatase was around pH 10.0 for the hypothalamus, 
anterior lobe and posterior lobe including intermediate lobe. The activity of the enzyme 
in the three tissues was linear with respect to the enzyme concentration used, and had 
a linear relation to the incubation time between 10 and 40 minutes at pH 10.0 and 37° C. 



Fig. 1. Alkaline phosphatase in pituitary body of rat. Note strong reaction in capi - 
lary walls in posterior lobe. P, posterior lobe; I, intermediate lobe; A, anterior lobe, X3 
Fig. 2. Higher magnification of Fig. 1. X95. 
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The amounts of p-nitrophenol liberated in a period of 40 minutes by 1.0 mg. of each tis¬ 
sue at pH 10.0 and 37° C were 4.7 ±0.40 pg. by hypothalamus, 2.0 + 0.25 pg. by anterior 
lobe and 17.1 ±0,76 pg. by posterior lobe. The figures represent the averages of 6 ani¬ 
mals, and the respective standard errors. The alkaline phosphatase activity was higher 
in the posterior lobe than in the hypothalamus or anterior lobe. By neither dehydration, 
or administration of DCA or cortisone acetate was the enz 3 'mal activity' of posterior 
lobe tissue changed (Table 1). 


T.\bi.e 1. Effects of dehydration .and corticoids on activity of alkaline phos¬ 
phatase IN’ posterior lobe of PITUITARY' BODY' OF R.AT (pH 10.0, 37°C.) 


Treatments 

Number of 
animals 

p-Nitrophenol (jig.) 
liberated in 40 minutes 
per 1 mg. of tissue 

Dehvdrated animals 

C 

19.8 + 0.60* 

Controls 

e 

18.7 + 1.07 

Animals injected with DCA 

4 

22.7+2.45 

Animals injected with cortisone acetate 

5 

21.4±1.93 

Controls 

6 

22.1 + 1.49 


* Standard error. 


DISCUSSION 

The high activity of alkaline phosphatase of the posterior lobe maj’ be due chieflj’ 
to the enzyme activity in capillary walls since the histochemical studj- showed a high 
concentration of the enzyme in these sites. Considering the results of his stalk-section 
experiments, and the observations made bj' several other workers, Barrnett suggested 
that the blood vessels of the posterior lobe are permeable to large molecules such as 
vital dj'c proteinates or silver salts combined with protein, whereas brain capillaries are 
generallj' impermeable (6). 

From these observations, it may be supposed that the characteristic high alkaline 
phosphatase activity of the walls of blood Y’cssels may have a role in the permeabilitY'of 
the blood vessels to neurosecretory substances or posterior lobe hormones and to such 
proteinates as those discussed by Barrnett. But the actiYuty of alkaline phosphatase in 
the posterior lobe of the rat was not changed by the following treatments, Yvhich may 
accelerate the release of posterior lobe hormones: dehydration or administration of either 
DCA or cortisone acetate. It would seem, therefore, that the activity of the enz.vme in 
the capillary walls of the posterior lobe Yvould not be a limiting factor in controlling the 
rate of release of neurohypophyseal hormones into the blood. It is not clear what the 
role of abundant alkaline phosphatase is in the capillary walls of posterior lobe. Rich 
Y'ascularity in the posterior lobe has also been observed by Ferrer (7) using India ink. 
This Y-ascularity may assure the rapid moY'cment of the hormones from posterior lobe 
into the blood circulation. 
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IMPROVED INTRAVENOUS GLUCOSE TOLERANCE IN THYROIDECTO 
MIZED OR HYPOPHYSECTOMIZED RATS TREATED 
WITH TRIIODOTHYRONINE^ 

ABSTRACT 

Treatment with triiodothyronine improved or normalized the diminished in¬ 
travenous glucose tolerance of thyroidcctomized or hypoph 3 'sectomized male rats. 

Impaired disposal of intravenously injected glucose has been observed both in tlij'- 
roidectomized (1, 2) and in hypophysectomized (3) rats. In the present study attempts 
to alleviate this diminished glucose tolerance by means of treatment with triiodothyro¬ 
nine have proved successful. 


material and methods 

Male Holtzman rats weighing approximately 200 gm. were surgically thyroidcctomized 
under ether anesthesia. All rats that were used in this studj’ had no macroscopically recogniz¬ 
able thyroid remnants at the time of nccropsj', and were severely hypothyroid, as indicated 
by a reduced growth rate as well as (in the animals not treated with thyroid hormone) by the 
characteristic gelatinous appearance of the anterior hypoph.ysial lobe (4) which is due to de¬ 
granulation of the acidophils. Unoperated controls were cither selected to match the final 
weight of the thyroidcctomized animals (220-240 gm.) or were pair-fed with them. Hypophy¬ 
sectomized male Sprague-Dawlej’ rats weighing 180-200 gm. were obtained 8 days after the 
operation from the Hormone Assaj' Laboratories, Chicago, Ill. All rats used had no hypophys¬ 
ial fragments detectable bj' inspection of the sella turcica and markedlj' atrophic testes. 
L-3,5,3'-triiodothyroninc sodium (Ta) was dissolved in water made alkaline with NaOH and 
injected once a daj" subcutaneouslj' in a volume of 1 ml. Dosages and schedules are given in 
Table 1. One group of thjToidectomizcd rats was subcutaneouslj’ injected with a single dose 
(1 mg./lOO gm.) of somatotrophin (STH)= in a mildlj' alkaline solution 12 hours before the 
glucose tolerance test. All rats were fed Rockland diet and fasted 24 hours before the per¬ 
formance of the glucose tolerance test. Glucose (100 mg./lOO gm. in 0.26 ml. of aqueous solu¬ 
tion) was injected into the saphenous vein without anesthesia. One tenth ml. blood samples 
were obtained from the tail vein before and (at the intervals indicated in Table 1) after the 
injection. Blood sugar levels were determined bj' the Somogyi-Nelson method. 

RESULTS 

Table 1 summarizes the findings obtained. Thj'roidoctomized rats had variable fast¬ 
ing blood sugar levels which averaged higher than those of controls fed ad libitum before 
the final fast (Groups la-j-b vs. IV). Their glucose tolerance was clearly impaired in 
comparison with that of ad libitum fed-fasted or pair-fed-fasted (Group V) controls. 
This confirms earlier observations (1, 2). The fasting hyperglj’ccmia and unimpaired 
glucose tolerance of the controls on the restricted regimen is also in agreement with 

Received November 19, 1958. 
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previous findings (5). STH failed to alleviate the glucose intolerance of thyroidectomized 
rats (Group III). Treatment of 3 rats (Group la) with 2 ng. of T 3 daily for 10 days led 
to some elevation of fasting blood sugar levels and a definite improvement in glucose 
tolerance. Twenty ng. of T 3 given daity for 4 days caused uniform fasting hyperglyce¬ 
mia^ and normalization of glucose tolerance (Group II). Hypophysectomized rats 
(Group VI) displayed the expected fasting hypogtycemia and the somewhat diminished 
glucose tolerance"' previously described (3). The fasting blood sugar level was not sig¬ 
nificantly affected but the glucose tolerance was returned to normal by the daily injec¬ 
tion of 2 ng. of Ts for 10 days (Group VII). 

DISCUSSION 

The decreased glucose tolerance seen both in thyroidectomized and, to a lesser 
extent, in hypophysectomized rats could be due to hypoth 3 'roidism or conceivablj' to 
STH deficiencj'. STH is generalty believed to be produced bj' the pituitary acidophils. 
The degranulated acidophils of th}'roidectomized rats appear to contain and secrete 
subnormal amounts of STH ( 6 , 7). STH increases the rate of removal of blood glucose in 
dogs ( 8 ) and in rats (9). Treatment with thjToid hormone not onty abolishes the hypo- 
tltyroidism of thj'^roidectomized rats but also regranulates their pituitary' acidophils (3) 
and hence presumabty restores STH secretion. Horvever, under the conditions of our 
experiment STH failed to influence the poor glucose tolerance of thj'roidectomized rats. 
Further, the improved glucose tolerance which T 3 brought about in hj'pophj-sectomized 
rats obvious!}' could not be ascribed to anj' effect mediated through the hypophysis. It 
is therefore simplest to postulate that the decreased glucose tolerance which character¬ 
izes both the thj'roidectomizcd and the hypophysectomized state is due to the hj'po- 
thyroidism common to both conditions. It may be caused by thyroid hormone deficiency 
per se, or by concomitant changes such as the lowered metabolic rate. Further studies 
will also have to show "whether any specific pathway of disposal of excess glucose is 
preferentially or exclusively affected, and if so, whether thyroid hormone restores normal 
glucose tolerance by improving the removal of blood glucose along the same pathway. 

N. S. Halmi, H. Albert,^ D. J. Doughman,^ 

D. K. Granner'' and B. N. Srirtos 

Department of Anatomy 
State University of Iowa 
Iowa City, Iowa 
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THE ACTIVITY OF SYNTHETIC ISOESTRONES IN PYRIDINE 
NUCLEOTIDE TRANSHYDROGENATIONi 

ABSTRACT 

Synthetic isoestrones were examined for the capacity to mediate pyridine nulceo- 
tide transhydrogenation or to act as substrates for 17/8 hydro.vy-steroid dehydro¬ 
genase. 8-isoestrone was active in both systems. The other isoestrones tested showed 
neither activitj’. 

Previous studies have indicated that certain steroids have the property of accelerat¬ 
ing transhydrogenation from a catal 3 'tic amount of TPNH to DPN in the presence of 
placental homogenate (1, 2). The structural requirements for striking stimulation of 
this system are the presence of an aromatic ring A and a 17B hydroxjd or 17 keto group 
(3, 4). The existence of synthetic isomers of estrone (5) permitted study of other steric 
requirements. 

METHODS 

The preparation of the place ‘ ' ' ’ ■’ ! assaj' sj'stem for measuring steroid 

coenzyme activity in terms of • production from isocitrate by pla¬ 
cental homogenate have been d* . . ' surement of 17|S hydroxy-steroid de- 

hj'drogenase at low steroid levels it was necessarj' to purifj' the placer*■' ’ ■ ' 

tially, bj’ precipitating the activity at 60% saturation with ammonium 
the redissolved protein against 0.01 N phosphate buffer, pH 7.0. 

The action of the 17(3 hydroxy-steroid dehj’drogenase (6) was measured bj' the direct 
fluorimetric estimation of DPNH in an Aminco-Bowman Spectrofluorimeter. The substrate 
mixture consisted of phosphate buffer 0.006 M, pH 6.8, MgCli 0.006 M, Versene 0.001 ill, 
0.01 ml. of propylene glycol containing 0.003 #i-moles of the appropriate steroid, and 50 ii%. 
enzyme in a total volume of 1.0 ml. The reaction was started bj' addition of 0.005 /a-moles of 
DPNH to the substrate mixture at room temperature. 

RESULTS 

Table 1 shows that of the 5 sjmthetic isoestrones” tested only dl-8-isoestrone showed 
significant ability to increase the rate of transhj*drogenation from TPNH to DPN as 
shown bj" increased a-ketoglutarate formation. In the 170 hj'droxy-steroid deh}'dro- 


Table 1. Effect of isoestrones on placental teanshydrogenasb 


Compound 

s.cxio-w 

3.6X10-Llf 

3 . 6 x 10 - 53 / 

estradiol-17d 

0.116 

0.122 

0.126 

estrone 

0.076 

0.117 

0.120 

dI-8-isoestrone 

0.044 

0.112 

0.097 

dl-9-iso-13-isoestrone 

0.001 


0.004 

dl-13-isoestrone 

0.0 

0.0 

0.0 

dl-9-isoestrone 

0.0 

0.0 

0.0 

dl-14-isoestrone 

0.0 


0.0 


Each value represents the mean obtained from three experiments. Triplicate determina¬ 
tions in each experiment agreed within 5%. The results are expressed in micromoles of 
ketoglutarate produced in 1 hour at 30° due to the steroid. 


Received November 28, 1958. 

’ This work was supported by United States Public Health Service Grant CY-3225-Cl. 
= The synthetic isoestrones used in this study were the very kind gift of Professor 
W. S. Johnson, Department of Chemistrjq Universitj' of Wisconsin. 
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NOTES AND COMMENTS 


Vohms OJj 


Table 2. Inhibition of estradiol induced transhydrogenation 


Compound 

3.6X10-‘M 

3.0X10-W 

dl-13-isoestrone 

84 

23 

dl-9-iso-13-isoestrone 

5G.5 

14 

dl-9-isoestrone 

C2 

14 

dl-14-isoestrone 

77.3 

1G.5 


The results are expressed as the per cent inhibition of kctoglutarate production bv 
3.6X10"“ilf estradiol-170 in 1 hour at 30°C. 


genase system the only isoestrone with activitj' was dl-8-isoestrone. This substance was 
reduced at the same rate as estrone, 1.8X10”'' /i-moles per minute. 

The four inactive isoestrones were found to inhibit estradiol-17/3 potentiation of 
a-ketogiutarate by the placental pyridine nucleotide transhydrogenation system 
(Table 2). 

DISCUSSION 

The activity of 8-isoestronc and inactivity of the other isoestroncs at the level tested 
in both the 17/3 hydroxy-steroid dehydrogenase and pyridine nucleotide transhydro¬ 
genation sjmtems is consistent with the mechanism proposed bj' Talalay and Williams- 
Ashman that transhydrogenation is effected by the dehydrogenase capable of reaction 
with both pyridine nucleotides (2). The oxidation of 8-isoestronc at higher substrate 
levels by 17^ hydroxy-steroid dehydrogenase has been observed by Langcr (7). The 
data presented are consistent with the need for a reactant to approach the steroid from 
the alpha side along a flat portion of the steroid molecule comprising rings C and D. 
Munck, Scott, and Engel concluded that this portion of the molecule was involved in 
purine binding (8). Marcus and Talalay studied the substrate specificity of a 17/3 
hydroxy-steroid dehydrogenasc-DPN and found that the kinetic data were consistent 
with interaction of the enzyme system with the a side of the steroid molecule and posi¬ 
tions 3 and 17 (9). 

Vincent P. Hollander, Nina Hollander^ 
AND Joseph D. Brown 

Department of Internal Medicine 
and the Department of Biochemistry 
University of Virginia School of Medicine 
Charlottesville, Virginia 
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1959 PROGRAM OF THE MEETING OF THE ENDOCRINE 
SOCIETY IN ATLANTIC CITY 

THURSDAY, JUNE 4, 1959 
8 :00 A.M.—Registration— 

I. 9:00 a.m.— THYROID 


Carolina Room—Chalfonte 
Chairmen: J. E. Rail and W. Parson 

1. The Effect of Thypan Blue on Thyroid Function in the Rat. 

Takashi Yamada (Introduced b 3 ' Monte A. Greer). 

2. The Effect of Excessive Iodide on the Thyroid of the Rat. 

Valerie .4. Gallon and Rosalind Pill-Rivers. (Introduced bj' Sidnej' Ingbar). 

3. Comparison of in Vivo and in Vitro Tissue Effects of Triiodothyronine. 
Roger L. Greif. 

4. The Effect of Triiodothyhopropionic Acid on Serum Cholesterol and 

Oxygen Consumption in ^Myxedema and Euthyroidism. 

Robert D. Leeper (b^’ ini'itation), Richard S. Benna, Soichi Kjwiacka [by mvitation), 
Jacob L. Brener (bj' invitation) and Rulon IP. Raivson. 

5. Respir.^tory Stimul.\tion in Young Dogfish by Thyroid Hormone. 

Aubrey Gorhman and .4. TP. Prilchard (bj- invitation). (Invited paper— 20 minutes.) 

intermission 

6. Idiof.whic Familial Elevation of Thyroxine Binding Protein. 

William H. Beierwalles. 

7. jMetabolism of Thyroxine by Hujian Tissue Slices. 

Edivin C. Albright and Frank C. Larson (bj' invitation). 

S. jMetabolic Regulation of Organic Iodin.-vtions in Thyroid Homogenates. 

George C. Schussler (bj^ invitation) and Sidney H. Ingbar. 

9. Protein Iodination in Sheep Thyroid Mitochondrial-^Microsomal Prepar.a- 

TIONS. 

Leslie J. DeGroot and Evelyn Carvalho (introduced by John B. Stanburv). 

10. Persistent Thyroid Function After Hypophysectomy. 

0. H. Pearson, .4. G. Pazianos (bj- invitation), E. Greenberg (b\' invitation), and 
R. S. Benua. 

11. Effect of Stimulation of the Cervical Sympathetic Nerve on the Thyroidal 

Release of P’’-Labeled Hormones. 

Shiro lino, Kazuo Shizume and Shigeo Okinaka (introduced by Monte A. Greer). 
II. 2:00 p.m.— ADRENAL CORTICAL SYNDROMES—STEROID METABOLISM 

Carolina Room—Chalfonte 
Chairmen: J. McArthur arid .4. Bongiovanni 

12. 6 Beta Hydroxylation of Cortisol, a Quantitatively Important P.^thvay of 

IM ET.A.BOLISM IN THE HuMAN NewbORN. 

E. Colie (bj- invitation), R. -4. Ulstrom, J. Burley (bj- invitation) and R. Gunvillc 
(bj’ invitation). 
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13. The Urinary Excretion of Three C-21 Steroids in the Adrenogenital Syn¬ 

drome. 

Alfred M. Bongiovanni, Walter R. Eberlein, and J. Darrel Smith (by invitation). 

14. The Renal Handling of 17-Hydroxycorticosteroids. 

R. 0. Morgan (by invitation), A. J. Blair (by invitation) and J. C. Beck. 

15. The Influence of ACTH and Hypophysectomy on the Steroid Conjugating 

Capacity of the Liver. 

David L. Berliner (by invitation), Charles J. Nabors, Jr. and Thomas F. Dougherty. 

16. Direct and Indirect Estimation of Pituitary ACTH Reserves in Man Folloiv- 

ING Steroid Therapy 

Donald A. Holub (by invitation), Julian I. Kitay, Andrew G. Frantz (by invitation) 
and Joseph W. Jailer. 

17. ACTH Suppression Tests in Patients avith Cushing’s Syndrome. 

Grant TF. Diddle. 

intermission 

IS. Urinary Steroid Metabolites in Hypophysectomized Women During Adrenal 
Insufficiency and Initial Phases of ACTH Stimulation. 

Hildegard TFi7so?i, Mortimer B. Lipsett, and Lillian C. Butler (by invitation). 

19. Suppression of Urinary 17-Ketosteroids in Virilized Women by Estrogen 

Therapy. 

Raymond C. Mcllinger and Richmond IF. Smith, Jr. 

20. Transcortin: Characteristics and Levels in Various Conditions. 

Avery /I. Sandberg and TF. Roy Slaumohitc, Jr. 

21. Studies on the Mechanism of Elea’^ation of Plasma 17-Hydroxycortico- 

STERoiDS Induced by Estrogen Administration in Man 
Eleanor Z. Wallace and Anne C. Carter. 

22. Endocrine Effects of Metha'lenedianiline. 

William TF. Tullner. 

23. Salt Losing Hormone in Hyperkalemic Familial Periodic Parala’sis. 

R. Klein. 

III. 2:00 P.M.— PARATHYROIDS: PITUITARY ADRENAL SYSTEM 

Viking Room—Haddon Hall 
Chairmen: G. D. Whcdon and D. Nelson 

24. Isolation of Parathyroid Hormone Folloaving Extraction avith Phenol. 

G. D. Aurbach. 

25. Purification of Parathormone B by Countercurrent Distribution. 

Howard Rasmussen. 

26. Activation of Parathyroid Hormone by Cysteine. 

Alexander D. Kenny. 

27. Effect of Paratha'roid Extract on Bone Matrix and Seromucoid. 

William P. Dciss and Leila B. Holmes (by iiiAdtation). 

28. Further Evidence for a Dual Effect of Paratha-roid Hormone. 

John J. Canary (by inAotation), H. Allan Bloomer (by iiiAdtation), Gabriel G. Carrcon 
(by invitation) and Laurence H. Kyle. 

29. ACTH Secretion in Rats aahth Hypothalamic Lesions. 

A. Brodish. 

INTERMISSION 

30. Limbic System Influences on the Pituitary-Adrenal Cortical Sa'stem.^ 

John TF. Mason, WalleJ. H. Nauta (by inAutation), Joseph V. Brady (by inidtation), 

and James A. Robinson (by invitation). 
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31 . Effect of Diencephalic Stimulation on Adrenocortical and Adrenal Medul¬ 

lary Secretion in the Dog. 

William H. Ganong and Alan Goldfien. 

32. Adrenal Cortical and Medullary Responses to Trauma in Dogs mhth 

Isolated Pituitaries. 

Richard H. Egdalil (introduced bj' D. M. Hume). 

33. The Early and Late Effects of Hy’pothalamic Destruction or Removal on 

Pituitary'-Adrenal Activity'. 

David ill. Hwnc and Benjamin F. Jackson (b}' invitation). 

34. Ion-Exchange Chromatography of Pituitary Preparations. 

Andrew V. Schally (b 3 '' invitation) and Roger Gnilleniin. 

35. ACTH Releasing Factor Actiy’-e in the Guinea Pig Test. 

M. Side7nan {by imitation) and H. Sobel. 


FRIDAY, JUNE 5, 1959 
8:30 A.M. —Registration— 


IV. 9:00 a.m.— ANTERIOR PITUITARY 

Carolina Room—Chalfonte 
Chairmen: E. Knobil and F. L. Engel 

36. The Cells of the Human Adenohy'pophy'sis in Adrenal Cortical and Thy'roid 

Disorders. 

Calvin Ezrin and Heidi Swanson (introduced b 3 ' R. F. Farquharson). 

37. A jMethod for the Quantitatiy^e Biological Assay of ACTH in Blood. 

Paid L. Munson, Wolfgang Toepel (b 3 ’ inY'itation) and Mindel C. Sheps. 

38. Increase in Sugar Permeability in the Rat Adrenal Produced by ACTH. 

J. Eichhorn, I. D. K. Halkerston, M. Feinslein, amd 0. Hechter (b 3 " invitation). 

39. Contrasting Requirements for the Lipolytic Action of Corticotropin and 

Epinephrine on Adipose Tissue in Vitro. 

J. Earle White ( 63 ^ inidtation), Enrique Lopez ( 63 '’ invitation) and Frank L. Engel. 

40. Evidence for Species Specificity of Human, Beef and Rat ACTH Demon¬ 

strated BY Assay in Vitro. 

Julian I. Kitay, Donald A. Hohtb (b 3 ’ invitation) and Joseph TF. Jailer. 

41. A CoMPARATIY^B IyiMUNOLOGICAL INVESTIGATION OF PiTUITARY GrOYVTH HoRMONE 

FROM Various Species. 

T. Hayashida ( 63 ' inidtation) and C. H. Li. 


INTERMISSION 

42. Grom'th-Stimul.yting and Other Effects of Human Growth Hormone (Li) in 

A Pituitary Dwarf. 

Roberto F. Escamilla, John J. Hutchings (63' inidtation), William C. Deamer (63' 
inY'itation) and Choh Hao Li. 

43. Endocrine Function in Acromeg.yly'. 

George J. Haniwi and Thomas G. Skillman (63' inY'itation). 

44. The Influence of Hypophy'sectomy and Growth Hormone on Oxidation of 

Pal.mitate-1-C'^ by the Rat. 

M. J. Franklin (63' invitation) and E. Knobil. 

45. Unesterified F.ytty Acid Oxidation Rates in Acromegaly-, My'xedema, Hyper- 

THY'ROIDISM .4ND DiABETES. 

Josiah Brown and Leslie R. Bennett ( 63 ' inY'itation). 

46. Ey'idence for Direct Action of Groyi’th Hormone (GH) on Red Cell Forma¬ 

tion. 

Albert S. Gordon, Burton S. Dornfcst ( 63 - inY'itation) and Anthony Crusco. 
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47. Factors Involved in Production of Suspensions of Free Cells Derived from 

Hypophyses of Rats. 

Griff T. Ross (by invitation) and Robert C. Bahn. 

1:30 p.m.— ANNUAL BUSINESS MEETING, Carolina Room, Chalfonte 
V. 2:30 p.m.— ESTROGENS AND ANDROGENS 

Carolina Room, Chalfonte 
Chairmen: R. Huschy and L. L. Engel 

48. The Isolation and Identification of Estrogens from Peripheral Blood with 

A Practical Method of Analysis. 

Georg W. Oertel (by invitation), Charles D. IFcst, and Kristen B. Eik-A^es. 

49. “Free Estriol” in Blood Plasma. 

Joseph C. Touchstone and John IF. Greene, Jr. (by invitation). 

50. Effect or Chorionic Gonadotropin (HCG) on Conversion of Estradiol to 

Estriol by Perfused Human Placenta. 

Philip Troen. 

51 . Physiologic and Biochemical Differences between the Estrogen-Sensitive 

Transhydrogenase and Estradiol Dehydrogenase. 

C. A. Villee, D. D. Hagcrman (by invitation) and J. HI. Spencer (by invitation). 

52. The Inhibition of Placental Steroid Mediated Transhydrogenase by 2' 

Adenylic Acid. 

Nina Hollander (by invitation), Joseph D. Brown (by invitation) and Vincent P. 
Hollander. 

53. Adrenal Estrogens: In Vivo Conversion of Cortisone to Phenolic Estrogens. 

Edioard Chang (by invitation) and Thomas L. Dao. 


intermission 

54. Estrogen Synthesis in a Male Patient with a Feminizing Adrenocortical 

Carcinoma and Hypertension. 

C. D. IFesl, L. F. Kumagai (by invitation), E. L. Simons (by invitation) and P. E. 
Wall (by invitation). 

55. The Effect of Estrogen on Steroid Levels and Urine. 

IF. L. Harrmann, I. Schindl (by invitation), and P. K. Bondy. 

56. The Conversion or Progesterone-4-C*'* to 21-Hydboxylated Steroids by 

Normal Rat Testis Stimulated with Human Chorionic Gon.adotropin. 

Hernan V. Acevedo (bj' invitation), Oscar F. Dominguez and Leo T. Samuels. 

57. Steroid 21-Hydboxylase in Mouse TesticularTnterstitial Cell Tumors. 

Oscar F. Dominguez, Robert A. H^lsby and Leo T. Samuels. 

58. Studies of Structure-Function Relationships of Steroids: Anabolic Potenci 

OF Some Testosterone Analogs. 

Herbert .1. Burke, Jr. (by invitation) and Grant IF. Liddle. 

59. Influence of Androgen on Prostatic Protein Synthesis. 

Wells E. Farnsworth (introduced by Grosvenor W. Bissell). 

VI. 2:30 p.m.— PITUITARY HORMONES—NEUROENDOCRINE MECHANISM 

Viking Room, Haddon Hall 

Chairmen: J. Everett and A. Gorbinan 

THOSE REGISTERED FOR THE MEETING OF THE AMERICAN DIABETES 
ASSOCIATION WILL BE ADMITTED TO THIS MEETING 

60. Lithosperm Inhibition of Blood Pressure Depressor Effect of Oxitocin in 

THE Fowl. 
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Tl^ R. Breneman, Marvin Carmack, Daniel Overack and Richard Shaiu (introduced bj' 
Aubrej' Gorbman). 

Gl. Plasma and Pituitary LH: Detection and Quantitative Bioassay in the Rat 
Following Gonadectomy. 

Alherl Parlow (introduced by R. O. Creep). 

62. Use of the Red Eft Diamictylus Viridescens in the Assay of Prolactin. 
William C. Grant, Jr. (introduced by Aubrey Gorbman). 

63. Effects of Captivity on Production of Gonadotrophins in Pintail and Black 

Ducks and Response to Exogenous Hormones. 

R. E. Phillips and A. van Tienhoven (introduced bj^ S. L. Leonard). 

64. Ovulation in the Dojiestic Fowl. 

R. D. Fraps. (Invited paper, 20 minutes). 

intermission 

65. Ovulation After Stimulating the Rat Hypothalamus Late in Diestrus. 

J. Tl'. Everett, R. L. Riley (by invitation) and C. D. Christian (by invitation). 

66. Development of Permanent Abnormal Cycles of Behavior in Rats After 

Experimental Pituitary Damage. 

Curt P. Richter. 

67. Hypothalamus and Growth. 

S. Reichlin. 

68. TSH "Rebound Phenomenon” in Rats After Goitrogen Withdrawal. 

S. A. D’Angelo. 

69. Pituitary Hormone Production and Release in the Thyroidectomized Rat 

After Thyroxin Administration. 

A. N. Contopoulos, M. E. Simpson (by invitation) and A. A. Koneff (by invitation). 

70. Subcortical Regions of the Primate Brain Regulating Release of Vaso¬ 

pressin FROM THE Neurohypophysis. 

Joseph F. Dingnian, Eduardo Gaitan (by invitation), Akira Arimura (by invitation) 
and Robert G. Heath (bj' invitation). 

VII. ANNUAL DINNER, Haddon HaU Hotel 

E. Perrj" McCullagh, President, presiding 

6:30 p.m. —Cocktails, The English Lounge 

Sponsored b)^ the donors of the Awards of the Society: 

Ciba, Schering, Ayenst, Upjohn and Squibb. Attendance limited to 
holders of dinner tickets. 

7:30 p.M.— Dinner — The Vernon Room 

Presentation of the 1959 Awards of the Society by Charles Kochakian; 

The Fred Conrad Koch Award 

The Ciba Award 

Ayerst Fellowship 

Schering Scholar 

Upjohn Scholar 

President’s Address: Dr. McCullagh 

SATURDAY, JUNE 6, 1959 
8:30 a.m. —Registration—Stair Hall, Haddon Hall Hotel 

9:00 A.M.— OPENING SCIENTIFIC SESSION OF THE AMERICAN DIABETES 
ASSOCIATION WILL BE HELD AT THE HADDON HALL HOTEL 
IN THE VERNON ROOM. ENDOCRINE SOCIETY BADGE WILL 
ADMIT YOU TO THIS MEETING. 
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VIII. 9:00 A.M.—ADRENAL GLAND 

Carolina Room, Chalfonte 
Chairmen: M. Grumbach and F. C. Bartlcr 

71. Stimulatory Effect of Aldosterone and Cortisol on the Work op the 

Isolated Rat He art-Lung. 

Kathyrn IF. Ballard (b 3 ’^ invitation) and George Sayers. 

72. The Hemodynamic Parameter Mediating Increase in Aldosterone Secre¬ 

tion. 

Donald S. Gann (b}' invitation), Ivor H. Mills (bj’^ invitation) and Frederic C. Barller. 

73. Preliminary Characterization of Glomerulotropin. 

Gordon Farrell, Avery D. Pratt, Jr. (bj' invitation), Laurence S. Harris (b 3 " invitation) 
and Robert C. Banks (bj' invitation). 

74. Changes in Metabolic Activities of Steroid Hormones Associated moth 

Methylation and Hydroxylation in Ring D. 

Maurice M. Pecliet, Evelyn L. Carroll (bj*^ invitation) and Anne P. Forbes. 

75. Effect op Walker Carcinoma on Steroid Diabetes in Rat. 

David J. Ingle (introduced bj' Dwight J. Ingle). 

76. Acute Effects of Adrenalectomy and Hydrocortisone on Glucose Tolerance 

of Diabetic and Eviscerate Rats. 

0. K. Smith and C. N. H. Long. 


intermission 

77. Influence of Age, Adrenalectomy and Cortisol Administration on the Activ¬ 

ity OF Hepatic Glutamic-Pyruvic Transaminase. 

Homer Harding, Fred Rosen and Charles Nichol (introduced bj" Avery A. Sandberg). 

78. The Metabolism of 2 C'"* Pyruvate in Normal and Adrenalectomized Rats. 
William IF. Winternitz. 

79. Observations on the Role of the Adrenal Gland in the Metabolic Response 

TO Surgery. 

Maureen Smith, H. A. F. Dudley, J. S. Robson and C. P. Stewart (introduced by 
Grant W. Liddle). 

80. Renal-Cardiovascular Pathology in Aging Rats With and Without Ex¬ 

posure TO ACTH and Stressors. 

George F. Wilgram (bj^ invitation) and Dwight J. Ingle. 

81 . The Effects of Anoxis on Adrenal Cortical and Medullary Secretion in the 

Dog. 

Alan Goldfien and William F. Ganong. 

82. Effect of Adrenalectomy and Cortisone on Rate of Eruption of Maxillary 

Incisors in Female Rats. 

L. F. Domm, IF. A. Wellband (by invitation) and J. P. Howard (by invitation). 

IX. 2:00 p.m.— INSULIN AND DIABETES 

Carolina Room, Chalfonte 
Chairmen: 8. Fajans and A. Renold 

83. Differential Resin Binding of Insulin in Sera from Insulin Responsive aad 

Resistant Diabetic Subjects. 

Marvin L. Mitchell and Mary E. O’Rourke (bj' invitation). 

84. Serum Insulin-Like Activity in Patients with Pancreatic Islet-Cell Tumors. 
Yves M. Dagenais (bj^ invitation), Albert E. Renold, Donald B. Martin (by invita 

tion) and Vilma Lauris (bj'^ invitation). 
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85. Role of Individual Organs in Carbohydrate Metabolism in Intact Normal 

Dogs. 

Dorothy H. Henneman, William Shoemaker ( 63 ^ invitation) and William Walker (by 
invitation). 

86. Hepatic Glucose Metabolism in Two Forms of Spontaneous Hyperglycemia. 
Gaston R. Zahnd, Jean Christophe and George Yerganian (introduced b 3 ' Albert E. 

Renold). 

87. Carbohydrate Metabolism in Amphibians and Reptiles. 

Malcolm R. Miller (Introduced b 3 ' Frank L. Engel). (Invited paper, 20 minutes.) 

intermission 

88. On the Mechanism of the Blood Glucose Lowering Action of Insulin. 

N. Altszular, A. Dunn (b 3 ^ invitation), R. Steele, D. T. Armstro^ig (b}- invitation), 
J. S. Bishop (b 3 ' invitation) and R. C. de Bodo. 

S9. An Insulin Effect on Peptide Synthesis Independent of Glucose oh Amino 
Acid Transport. 

Ira G. Wool and M. E. Krahl (b}' invitation). 

90. Comparison of Epinephrine and Insulin on Adipose Tissue Metabolism. 

George F. Cahill, Jr., Bernard Lehoeuj (b 3 * invitation), and Robert Flinn (b}' invi¬ 
tation) . 

91. The Action of Insulin, Tolbutamide and Hypoglycin A on the Adipose Tissue 

of Rats. 

Thomas C. Smith, Lena Will (b 3 ' invitation), and Ira Ringler. 

92. Relation of Insulinogenesis to Pancreatic B Cell Acid and Glucose-6- 

Phosphatase. 

Sydney S. Lazarus (introduced by Bruno W. Volk). 

93. Effect of Glucagon on Hepatic Blood Flow and Metabolism in Unanesthe¬ 

tized Dog. 

ir. C. Shoemaker and T. B. Van Itallia (introduced by Ja 3 ' J. Gold). 

to be read by title 
See Abstracts 94-170 

GORDON RESEARCH CONFERENCE 

CHEMISTRY, PHYSIOLOGY AND STRUCTURE OF BONES AND TEETH 

13-17 July 1959 
Kimball Union Academ 3 ' 

Meriden, New Hampshire 

W. D. Armstrong, Chairman 
B. B. Migicovsky, Vice Chairman 

13 July 

Invited Short Communications 
Felix Bronner, Chairman 
Bone as a Mechanical Tissue 
Jonathan Cohen, Chairman 
Bone as a Problem in Mechanical Engineering 

14 July 

F. G. Evans. The Relation of the ^Microscopic Structure of Bone to Its Strength 
Characteristics and Other Physical Properties 
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H. Holungshaus. Mechanical Properties of Bone From Radium Poisoned 
Dogs 

W. T. Dempster. The Distribution of Osseous Material in the Mandible and 
Humerus, and Its Mechanical Importance 
M. G. Hardinge. The Transmission of Weight Through the Knee Joint 
Fluoride Metabolism 
Harold C. Hodge, Chairman 

D. A. Greenwood. Broad Aspects of Fluoride Metabolism 
Yngve Ericsson. Radiofluoride Studies 

15 July 

P. H. PiiiLLip.s. Bone Retention of Fluoride 

C. S. Hobbs. Radiofluoride Distribution in Animals Under Chronic Fluoride 
Exposure 

E. J. Largent. Urinary Fluoride Levels in Relation to Change in Osseous 
Radiopacity 

F. J. McClure. Fluoride Content and the Ciiemistry of Human Skeletal Tissue 
C. H. Carlson. Mechanisms of Renal Excretion of Fluoride Determined with 

Radiofluoride 

Leon Singer. Plasma Fluoride Concentrations in Relation to Fluoride Intake 
New Developments in Methodology in Study of Calcified Tissues 
D. Dziewiatkowski, Chairman 

Diego Carlstrom. Some New Aspects of Ultrastructure of Bone 

10 July 

James Irving. Histochemical Changes at Sites of Calcification 
Richard Greulicii. High Resolution Microradiography 
Harald Sciiraer. Quantitative Determination of Bone Mineral Content and 
Bone Density In Vivo From Standardized Roentgenograms 
Pathological Physiology of Bone and Calcium Metabolism 
Franklin C. McLean, Chairman 

G. Fanconi. Idiopathic Hypercalcemia 

17 Julj’ 

Albert Dorfman. Studies on Acid Mucopolysaccharides 
Donald Fraser. Hypophosphatasia 

Karl M. Wilbur. Mechanisms of Mineralization in Molluscs 

Ailendance. Reqviesls for attendance at the conferences, or for additional 
information, sliould be addres.sed to W. George Parks, Director, Depart¬ 
ment of Chemistry, University of Rhode Island, Kingston, Rhode Island. 
From 15 June to 4 September 1959 mail should be addressed to Colby 
Junior College, New London, New Hampshire. 

Registration and Reservations. Attendance at the Conferences is ap¬ 
plication. Individuals interested in attending the conferences are requested 
to send their applications to the Director at least two months prior to the 
date of the Conference. All applications must he submitted on the standard 
application form which may he obtained by writing to the office of the Director. 
This procedure is important because certain specific information is le- 
quired in order that a fair and equitable decision on the application may be 
made. Attendance at each Conference is limited to approximately 100 indi¬ 
viduals. 
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STIMULATION OF RAT ADRENOCORTICAL 
SECRETION BY A FACTOR PRESENT IN 
HUMAN URINE 

PATRICK J. MULROW, GEORGE L. SHMAGRANOFF, 
AMOS H. LIEBERMAN, CHARLES I. SLADE 
AND JOHN A. LUETSCHER, Jr. 

Department of Medicine, Stanford University School of Medicine, San Francisco, California 

ABSTRACT 

Production of corticosteroids bj' the rat adrenal gland has been studied in 
vitro. Both a commercial and a highly purified preparation of ACTH stimu¬ 
lated the secretion of “corticosterone” and aldosterone in vitro. The “corticos¬ 
terone” fraction B'as increased more than aldosterone. Addition of the non- 
ultrafilterable fraction of human urine to the incubate stimulated the secretion 
of aldosterone more than “corticosterone.” Several possible interpretations of 
this effect are discussed. 

T he rat adrenal gland has been demonstrated to produce cortico¬ 
sterone and aldosterone in vitro (1, 2). Stimulation of this production 
by ACTH has also been shoum (1, 2). The technique, therefore, offers 
an opportunity to study factors directly influencing either glucocorticoid 
or mineralocorticoid secretion. In the present study, the non-ultrafilterable 
fraction of human urine has been assaj^ed for its effect on adrenocortical 
secretion. 

METHODS 

Adrenal glands from GO to SO rats were trimmed of fat, bisected, weighed, and appor¬ 
tioned equally to the control and experimental flasks. Each flask received one-half of 
an adrenal from each rat. For 25 mg. of tissue, 1 cc. of Krebs-Ringer bicarbonate buffer 
with glucose, 200 mg. per 100 cc., was added to the flasks. The flasks were incubated 
in a Dubnoff metabolic incubator at 37.5° C in an atmosphere of 95% O- and 5% CO 2 . 
After one-half hour of incubation, the medium was poured off and discarded. An equal 
quantity of fresh medium, containing the material to be tested, was added and incuba¬ 
tion was continued for two hours. Each medium was extracted with several volumes of 
redistilled chloroform. The chloroform extract was chilled, washed once with cold 
0.05N NaOH, and twice with cold distilled water, dried with anhj'drous sodium sulfate 
and evaporated in vacuo at 40° C. The residue was applied to paper and chromatographed 
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in the chloroform/formamidc system, using reference standards of cortisol, cortisone, 
and corticosterone. A contact photoprint of the chromatogram was made using a G.E. 
Sterilamp as a light source. The fractions indicated b}’’ tlie major ultraviolet-absorbing 
bands and by the reference standards were eluted with ethanol. Formamide was re¬ 
moved bj'- partitioning the residue between water and chloroform. In some instances, 
fractions were rcchromatographcd in other systems. The ultraviolet absorption peak 
near 240 mp was used to detect and measure alpha, beta-unsaturated ketones. Soda 
fluorescence (3), reduction of blue tetrazolium (3), and Zimmerman reaction (4) were 
measured in several fractions. Aldosterone was estimated by bioassay in adrenalecto- 
mized rats (5), using a ratio of activity of aldosterone to desoxycorticostcrone acetate 
of 36.5 to 1. 

Human urine, preserved by refrigeration, was ultrafiltcrcd through a 2% collodion 
membrane (6). The protein was eluted from the membrane by the method of Rigas and 
Heller (7), using isotonic saline. Urine “protein” A and B were lyophilized pools of the 
urine protein obtained from 100 and 75 patients, respectively. Urine “protein” C and 
E were each a 48-hour pool from two individuals. Urine “protein” F was a pool from 
20 normal adults. 

Urine “protein” Ad was a quantity of urine “protein” A which was dialyzed in the 
cold against distilled water. 


RESULTS 

tSome characteristics of tlie fractions consistentlj’- separated by paper 
partition chromatography are presented in Table 1. Although not conclu¬ 
sively identified, corticosterone and aldosterone are presumed to be pres¬ 
ent. 


TaBCE 1. CnUOMATOGRAl’IUC nUUAVIOn AND Sl'OT TESTS OF ADRENAL SECRETION 


System: Chloroform-foramide 


Rechromatographed in: 


Fraction I RJ: 

One narrow band: U-V alisorption 
(234 m^) 

Slightly more polar than cortisol 


Fraction II RJ: 

Narrow, faint band of U-V aii.sorption 
Runs near corti.sonc. 

Reduces blue tetrazolium 
Strong mineralcorticoid on bioassay 
presumed to he aldosterone 

Fraction III-IV RJ: 


Broad band near corticosterone “B 
fraction” 


Fraction V RJ: 

Broad band near solvent front 


Rush C 

One band, distinctly more polar than 
cortisol. 

Has soda fluorescence. Reduces blue 
tetrazolium slowl}'. Negative Zim- 
mermann reaction 


Tolncnc-propylcnc glycol 

Two bands of U-V absorption (240 mii) 
Fraction 7/7 = hi ore polar than cortico¬ 
sterone 

Does not reduce blue tetrazolium; 
Has soda fluorescence. Negative Zim- 
mermann reaction 

Fraction 7F = Presumed to be cortico¬ 
sterone. , 

Reduces blue tetrazolium; has soda 
fluorescence 
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Table 2. ACTH 


E.vperitnent 

Dose/Flask 

fig. aldosterone 
eqv./lOO mg. 
tissue/2 hrs. 


fig. B eqv. /lOO 
mg. tissue/2 
hrs. 


Control 


0.15 

+ 135 

8.3 

+422 

ACTH (Armour) 

4.0 units 

0.36 


43.3 


Control 


0.20 

+ 65 

3.9* 

+254 

.4CTH (Armour) 

3.8 units 

0.33 


13.8* 


Control 


0.25 

— 7 

6 7 

+ 75 

ACTHt(C. H. Li) 

40 /jg. 

0.23 


11.7 


Control 


0.13 

+ 112 

6.6 

+435 

ACTHt (C. H. Li) 

200 Mg. 

0.2S 


35.4 



Mean diff. test-control 0.12+0.04 (S.E. of mean). Significant at P <.05 (t test). 
* Only Corticosterone measured, 
t Sheep ACTH. 


EFFECT OF ADRENOCORTICOTROPHIN (aCTh) 

Table 2 contains data from two experiments ivith Ijmphilized bovine 
ACTH (Armour) and two with a highly purified sheep ACTH prepared by 
C. H. Li and co-workers (8). The “B fraction” represents the sum of the 
two components into which the band moving with corticosterone in the 
chloroform/formamide system separates when rechromatographed in 
toluene/propylene g^ToI. Both of tliese components appeared in in¬ 
creased amount when ACTH was added. Although secretion of aldosterone 
and the “B fraction” is usually increased by ACTH, the increase in “B 
fraction” is greater both absolutely and relatively. 

EFFECT OF NON-ULTRAFILTRABLE FACTOR OF HUMAN URINE 

Results of experiments in which urine “protein” was added to the media 
are presented in Table 3. Secretion of aldosterone is regularly increased by 
addition of the urine “protein.” Although the degree of effect varies mark¬ 
edly among experiments, the effect is consistent^' in the same direction 
and highly significant (P <.005). Moreover, the pattern of corticosteroid 
secretion is different from that noted with ACTH. Aldosterone secretion is 
consistently stimulated to a greater degree than the “B fraction.” 

The variation in the values of the control adrenals among experiments 
is large. No attempt was made to control weight, sex of rats, or seasonal 
factors from experiment to experiment. This may well account for the 
variation. However, in an individual experiment, the adrenals of the 
control and experimental flasks were relatively homogeneous in that each 
flask contained one half of an adrenal from ever)' rat and the same num¬ 
ber of left and right adrenal hal-ves. 

Four different pools of urine “protein” showed some activity. In one 
experiment a dose-response effect could not lie established. Possibly, the 
lowest dose of urine protein used produced a maximal stimulation. There 



634 


MULROW ET AL. 


Vohme 64 



Table 3. Human 

UKINE I’HOTEIN 



Experiment 

Dose/Flasl 

jug. aldosterone 
c cqv./lOO mg. 
tissiic/2 hrs. 

.w 

%A 

B. cqv./lOO 
:g. tissae/2 
hrs. 

%A 

Control 


0.08 




Urine 

Protein A 

20 hrs. 

0.22 

+ 1GG 

G.O 


Control 


0.33 


3.G 


Urine 

Protein A 

20 hrs. 

0.43 

+ 30 

4.2 

+17 

Control 


0.085 


5.7 


Urine 

Protein A 

5 hrs. 

0.26 

+205 

7.0 

+22 

Urine 

Protein C 

12 hrs. 

0.31 

+2C1 

7.7 

+35 

Control 


0.18 


7.2 


Urine 

Protein A 

17 hrs. 

0.47 

+2G3 

7.8 

+08 

Urine 

Protein An 

17 hrs. 

0.G5 

+365 

8.0 

+11 

Control 


0.72 


7.4 


Urine 

Protein A 

5 hrs. 

1.20 

+ C6 

6.6 

-11 

Urine 

Protein A 

10 hrs. 

0.8G 

+ 19 

7.6 

+ 3 

Urine 

Protein A 

20 hrs. 

0.8G 

+ 19 

7.8 

+ 5 

Control 


O.IG 


3.9 


Urine 

Protein B 

5 hrs. 

0.23 

+ 43 

4.7 

+20 

Urine 

Protein E 

10 hrs. 

0.2G 

+ G4 

4.9 

+25 

Test-control 

mean dilT. = 

0,19 ±0.045 (S.E. 

of mean). P<.005 bj" t test. 



was no obvious explanation for the very high control level of aldosterone 
secretion in this experiment. The urine “protein" which had been dialyzed 
against distilled water showed activity greater than before dial 3 ^sis. 

CONTROL EXPERIMENTS 

To studj’' the specificity of this effect, several different experiments weie 
carried out. These are recorded in Table 4. In the first experiment, a 20- 
hour dose of urine “protein” A was added to a flask containing incubation 
media without adrenals. The flask was incubated and processed in t le 
usual manner. No aldosterone was detected by bioassaj'^, nor other coitico 
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steroids ultraviolet absorption, blue tetrazolium reaction and soda 
fluorescence. This eliminated the possibilit}’- that aldosterone bound to the 
urine protein was being added to the media. 

In the second experiment, a quantity of urine “protein” subjected to 
prolonged boiling was added to a flask with rat adrenals. An equal quan¬ 
tity of untreated urine “protein” was added to another flask. Three pools 
of urine “protein” were studied in this fashion. In each instance, the un¬ 
treated urine “protein” promoted a greater output of aldosterone than the 
boiled urine “protein.” In the two experiments with urine “protein” A and 
urine “protein” F, this increment was outside the 95% confidence limits 
of the bioassay. 

Another experiment shows the results of addition of purified beef growth 
hormone and highly purified pig melanocyte-stimulating hormone to the 
incubation media of rat adrenal glands. In the dose used, it was not shown 


Table 4. Contkol experiments 


Experiment 

Dose/Fla.sk 

pg. aldosterone 
/100 mg. tissue 
/2 hrs. 

%A 

pg. B. fraction 
/lOO mg. tissue 
/2 hrs. 

%A 

Urine 

Protein A 

20 hrs. S 
adrenals 

0 


0 


Boiled Urine 
Protein A 

20 hrs. 

0.204 


4.5 


Urine 

Protein A 

20 hrs. 

0.29(5* 

+45 

3.7 

-18 

Control 


0.157 


3.9 


Boiled Urine 
Protein B 

5 lira. 

0.190 

+21 

5.3 

+36 

Urine 

Protein B 

5 hrs. 

0.225 

+43 

4.7 

+20 

Control 


0.131 


— 


Boiled Urine 
Protein F 

17 hrs. 

0.150 

+ 14 

— 


Urine 

Protein F 

17 hrs. 

0.386 

+197 

— 


Control 


0.250 


6.7 


Growth 

Hormone 

400 pg. 

0.207 

-17 

8.3 

+24 

MSH 

700 pg. 

0.313 

+25 

9.2 

+49 

Control 


0.094 


8.1 


Albumin 

40 mg. 

0 

— 

6.6 

i 

CO 

Gelatin 

40 mg. 

0 

— 

4.4 

-56 


• Ass.Ty result was above upper limit of dose response curve. Therefore, at least this 
quantity of aldosterone was present. 
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that either liormone affected the secretion of aldosterone .significantly. 

Gelatin, U.S.P., and foiir- 3 'ear old human serum albumin, prepared by 
Cutter Laboratories, did not stimulate aldosterone production and ap¬ 
peared to depress “corticosterone'' secretion. 

DISCUSSION 

In the present studies, the yield of aldosterone was much less than that 
reported by Giroud ei al. (2). The yield of corticosterone, which comprises 
approximatel 3 ^ half of the B fraction, was closer to the quantit 3 ’^ he re¬ 
ported. Strain, sex of rat, seasonal variations, or technique may explain 
this discrepanc 3 ^ 

Addition of the crude protein fraction from human urine to the incuba¬ 
tion media of rat adrenal glands in vitro promotes an increase in aldosterone 
secretion. This increment is greater than that of the “corticosterone” 
fraction. Addition of ACTH causes a different pattern of secretion, namely, 
a marked rise in the “corticosterone” fraction with a moderate increase in 
aldosterone. 

Four possible explanations of this effect are: (a) It is a non-specific effect, 
(b) Necessary nutrients, missing from the artificial media, are supplied 
with the biological fluids, (c) A minute quantity of ACTH present in the 
biological fluids is producing the observed results, (d) A factor present in 
human urine specificall 3 ^ stimulates the secretion of aldosterone. 

Experimental results presented in Table 4 are evidence against a non¬ 
specific effect. Also, addition of the urine protein or serum does not change 
the potassium to sodium ratio of the media, nor does dial 3 "sis destroy the 
activit 3 '- of the urine protein. However, failure to establish a dose-response 
curve is compatible with a non-specific effect. 

Presence of nutrients in the biological fluids Avhich are necessary for 
proper metabolism of adrenal glands i?i vitro cannot be ruled out. Exten¬ 
sive studies b 3 ^ Schonbaum el al. (9) found no substance that significantly 
increased the basal secretion or the response to ACTH of rat adrenals when 
added to the basic medium (Krebs-Ringer bicarbonate buffer with added 
glucose). Nevertheless, characterization of such nutrients, if the 3 " exist, 
still would be of biological significance. 

In a single in vitro experiment b 3 ’^ Giroud, et al. (1) doses of 1 and 100 niilli- 
units of commercial ACTH preparation stimulated the secretion of aldo¬ 
sterone to the same extent. The 1 milliunit dose has no effect upon secre¬ 
tion of total A‘\ 3-ketosteroids. Measurement of total Ah 3 -ketosteroids, 
however, includes a number of compounds which are increased little, if at 
all, by ACTH. Therefore, a small increment in corticosterone secretion 
might not be detectable. In one experiment b 3 '- us, a quantit 3 ^ of a higldy 
purified ACTH preparation sufficient to cause a 75% increase in secretion 
of the “B” fraction had no effect on aldosterone. 
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If the observed increase in aldosterone secretion is a specific effect of a 
humoral factor, the possibility arises that this ma}'- pla}^ a physiological 
role. Two other lines of evidence lend support to the h 3 "pothesis of a 
humoral factor controlling secretion of aldosterone. Injection of a beef 
diencephalic extract into dogs has been shown bj"^ Farrell et al. (10) to 
stimulate preferential!}'' secretion of aldosterone. Whole urine from sodium- 
depleted adrenalectomized rats was found by Ralli et al. (11) to cause 
sodium retention in rats with adrenals, but not in adrenalectomized rats. 

The present study indicates a humoral factor may influence secretion of 
aldosterone. Further experiments are in progress to delineate the nature 
and physiological role of this factor. 

A cknoivledgmen ts 

The authors are indebted to Dr. Lincoln Moses for statistical analj'ses and to Way 
Lew, Anne Dowdj} and William Lew for technical assistance. 
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ADRENOCORTICAL INFLUENCES UPON THE 
RECONSTITUTION OF LYMPHATIC TISSUE 
FOLLOWING ACUTE INVOLUTION' 

GEORGE A. SANTISTEBAN 

Department of Anatomy, School of Medicine, University of Soidhern California, 

Los Angeles, California 

ABSTRACT 

A single subcutaneous injection of an intoxicating dose of etli}d alcohol, 
given to intact 17 week old male CBA mice, induced an acute involution of the 
thymus which was maximal 36 to 48 hours after the injection. Based on a com¬ 
parison made with the thymo-regressive response to hydrocortisone, the involu¬ 
tion observed was estimated to have been due to a fifty-fold increase in adreno¬ 
cortical steroid activity. A comparison of the growth curves and the cytological 
mechanisms responsible for the reconstitution of the thymus was then made, 
between the stressed-intact animals and stressed animals bilaterally adrenalec- 
tomized at the time of maximal thymic involution. In the intact animals, the 
thymus regained 50% of its total weight loss by the 9Gth hour after the alcohol 
injections. Beyond this the rate of reconstitution decreased and the normal 
thymic weight was not attained until between the 240th and 2SSth hours. 
Adrenalectomy completely reversed the shape of the growth curve. There was 
an initial inhibition of growth and a delayed but positively accelerated growth 
resulting in a hyperplasia of the thymus on the 28Sth hour. The differences in 
the growth curves were associated with differences in the cytological mecha¬ 
nisms responsible for growth. It is suggested that there may exist adrenocortical 
influences which exert stimulating, as well as moderating, effects, upon the 
reconstitution of the thymus following acute involution. 

R ECENT investigation.? concerning tlie role of tlie pituitary-adrenal 
/ system in acute alcoholism have demonstrated that acute alcohol in¬ 
toxication induces a depletion of the adrenal ascorbic acid and cholesterol 
content in intact rats (1, 2) and guinea pigs (3, 4, 5). An acute intoxication 
induced the intraperitoneal injection of ethyl alcohol, was also found to 
induce an involution of the thymus in intact but not in adrenalectomized 
mice. This phenomenon was then utilized to arrive at a quantitative esti¬ 
mate of the increase in adrenocortical activity associated with the alcohol 
intoxication. This was done by comparing the thymic involution obtained 
in intact mice, given two intraperitoneal injections of alcohol, with that ob¬ 
tained in adrenalectomized animals treated with graded doses of hydrocor¬ 
tisone (6). 

Received June 6, 1958. 
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The present report deals with studies designed to determine the influ¬ 
ences of the adrenal cortical secretions upon the reconstitution of the thy¬ 
mus following the acute involution induced by a single subcutaneous in¬ 
jection of an intoxicating dose of ethyl alcohol. These studies involve the 
determination of the time required for maximal thymic involution to occur; 
the estimation of the increase in adrenocortical activity associated there¬ 
with; and the study of the reconstitution of the normal mass and cytology 
of the thymus following the acute involution in intact alcohol-stressed ani¬ 
mals. The adrenocortical influences upon the reconstitution of the thymus 
following acute involution were then determined bj'^ comparing the growth 
curve of the thymus of the alcohol-stressed intact animals with that of al¬ 
cohol-stressed animals bilaterallj'- adrenalectomized at the time of maxi¬ 
mal thymic immlution (36 hours post-stress). 

EXPERIMENTAL 

A total of over 700 male CBA mice 17 weeks of age ±4 daj-^s were used in these 
studies. These animals were bred in our own colony and were kept under optimal 
laboratory conditions at all times. Over 30 experiments were performed during a period 
of 15 months using 20 to 30 animals in each e.xperiment. 

The degree and duration of acute involution following alcohol treatment and the 
time required for the reconstitution of the thymus were first determined. The animals 
used in this phase of the study are designated as '‘stressed-intact.” As large enough 
groups of animals came of age, they were treated with a’standard intoxicating alcohol 
dose (6000 mg./kg. of body weight) and groups of at least four animals were sacrificed 
at various intervals after the injections. At the time of killing, the wet weights of the 
thymi, peripheral lymph nodes (axillary and inguinal) and paired adrenal glands were 
determined. These were dissected free of fat and connective tissue and weighed on a 
Roller-Smith torsion balance accurate to the nearest 0.1 mg. These procedures were 
repeated until a complete curve of acute involution and reconstitution of the thymus was 
obtained with at least seven samples from two separate experiments at each time interval 
following the injection. Initial and final body weights and the losses in body weights 
were determined for all animals. 

The alcohol used was a 50% dilution of absolute ethyl alcohol, U.S.P. and 0.S5% 
pyrogen-free saline. The standard dose of alcohol was volumetrically adjusted, according 
to the bodj' weight of each animal. This dose, injected subcutaneously, induced an acute 
intoxication with a resultant mortality of approximately 50% within the first 24 hours. 
This dose was found to be twice the dosage required to obtain similar intoxicating and 
lethal effects using intraperitoneal injections as reported in a previous publication (6). 
The subcutaneous route of administration was used in these studies because it was found 
that intraperitoneal injections led to a 100% mortality before the thymus returned to 
normal. 

To determine the influence of adrenalectomy upon thymic reconstitution, groups of 
animals were bilaterally adrenalectomized at the time of maximal th 3 "mic involution 
(36 hours following the alcohol injection); and the subsequent growth curves of lymphatic 
organs were determined using the standard techniques for the determination of Ij'mphatic 
organ weights. This group is referred to as “stressed-adrenalectomized.” 

An estimate of the increase in adrenocortical activitj"^ associated with the alcohol- 
induced stress was obtained by determining the dose of hj'drocortisone (Merck) required 
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to induce a th 3 ^mic inA^olution in adrenalectomized animals equivalent to the maximal 
involution observed in stresscd-intact animals. This was done using the same techniques 
as reported in a previous study (6). 

Organ weights of all experimental animals were expressed in absolute and relative 
(mg./lOO gm. of initial body weight) terms. The control body and organ weights are 
the means obtained from intact non-stressed animals sacrificed at the start and termina¬ 
tion of each separate experiment. Lymphatic organs were fixed in Zenker-formol and 
stained routinely with hematoxylin and eosin, and methyl-green pyronin for histological 
studJ^ 


RESULTS 

A. Strcssed-miact mice 

Body weight. Following the alcohol injections there was a depression in 
body weights. This became maximal at 36 and 48 hours post-stress, be¬ 
yond which the difference between initial and final body Aveights decreased 
(Table 1). Beyond the 168th hour post-stress, normal body weight Avas 
virtually restored. 

Thymus. From a mean control AA'eight of 27.6+1.5 mg. (absolute) and 
106.2+5.8 mg. (relatiA^e), the th3^mus lost approximately 63% absolute 
and relath'-e AA^eight by the 36th hour after injection. Beyond the 48th hour 
interval there occurred a rapid groAvth of this organ so that by the 96th 
hour the thymus regained approximatelj’- 50% of the AA'eight loss observed 
at 48 houi’S (Fig. 1). Bej'^ond the 96th liour the groAvth rate gi-adually de¬ 
creased and the normal thymic Aveight Avas not restored until betAA^een the 



MO OF HOURS AFTER ADRENALECTOMY 

Fig. 1. CurA^es of involution and reconstitution of the thymus of alcohol-injected CBA 
mice, intact and adrenalectomized 36 hours after alcohol injection. 





Table 1 Body and organ weights of intact mice at various intervals after a single alcohol injection, and 

FOLLOWING ADRENALECTOMY PERFORMED AT THE THIRTY-SIXTH HOUR AFTER ALCOHOL TREATMENT* 
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240tli and 288th hour. Histologically it was found that during the initial 
rapid growth phase (between 48 and 96 hours) there occurred a proUfera- 
tion of the reticular cells in the thymic cortex (Fig. 2), whereas during the 
slower growth phase (beyond the 96th hour) there occurred a differentia¬ 
tion of the reticular cells and proliferation of the lymphoid elements, lead¬ 
ing toward the reconstitution of the normal cytology of the thymic cortex 
consisting mostly of small and medium-sized lymphocytes. 

Peripheral lymph nodes and adrenal gland. No significant changes were 
observed in the weights of the peripheral l 3 mph nodes during the first 168 
hours following the alcohol stress; however, beyond this point the periph¬ 
eral lymph nodes underwent a gradual increase in weight so that a signifi¬ 
cant hyperplasia of these organs was manifest at the 288th hour (Table 1). 
The adrenal gland failed to undergo significant weight alterations through¬ 
out the entire period of observation. 

B. Stressed-adrenaleclomized mice 

Body weight. Examination of the changes in body weight in the stressed 
adrenalectomized animals (Talole 1) shows that there occurred an addi¬ 
tional loss of body weight Id}"- the 48th hour after the operation, at which 
time there was a loss of 4.2 ± .6 gm. Bejmnd the 48th hour after adrenalec¬ 
tomy the bod}^ weight remained 3.5 to 6.5 gm. below normal. 

Thy77ius. Within the first 12 hours following adrenalectom}^ there oc¬ 
curred an additional loss in the absolute and relative thymic weights (Table 
1). The thymus remained small until the 96th hour (132nd hour post¬ 
stress). Beyond this hour, there occurred a rapid growth which continued 
until the thjmus of the stressed-adrenalectomized animals Avas greater 
than that of the non-stressed controls on the 264th and 288th hour after 
the injection (Fig. 1). Due to tlie high mortalit}" we have been unable to 
pursue our study beyond the 2S8th hour. 

Histological studies revealed that during the latent period (up to the 
96th hour post-adrenalectomj^ preceding the phase of rapid growth Avhich 
occurred between the 96th and 252nd hour, there Avas no cjdological evi¬ 
dence of groAvth. During this period there Avere a feAv reticular cells and a 
greater relatiA^e number of l 3 miphoid elements in the th 3 mic cortex (Fig. 3). 
During the later phase of rapid groAvih there occurred a proliferation of the 
residual l3miphoid elements iDut at no time AA'as there obserA'^ed a prepon¬ 
derant increase in the reticular cells as Avas obserA'^ed during the initial pe¬ 
riod of rapid groAAdh in the stressed-lntact animals. 

Lymph riodes. FolloAA'ing adrenalectoni 3 '^ there occurred an additional 
loss in the Aveight of the peripheral tymph nodes so that Avithin 12 houis 
after adrenalectom3’- (48 hours post-stress) the l3mph nodes Avere signifi¬ 
cantly smaller. HoAveA'^er, b 3 ’’ the 48th hour after the operation the b'^mph 
nodes returned to their normal absolute and relative weights and remained 
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at normal level for the next 179 hours. A significant increase in Ij^mph node 
weights was observed at the 2SSth hour. 


C. Increase in corticoid activity 

The combined results of two experiments designed to detain an indirect 
estimate of the increase in adrenocortical activity as induced under the 
conditions of this study are presented in Figure 4. An estimate of corticoid 
secretion was made by determining the dose of hydrocortisone required to 
induce a thymic involution in adrenalectomized animals equivalent to that 
obtained in intact animals 36 hours after the alcohol injection. In Figure 4, 


•v TV 

'/S J #* K 

,fe> - 



Fig. 2. Tlij-mic coitev of .in int.ict al¬ 
cohol-treated mouse 72 hours after alco¬ 
hol injection. Note the large number of 
normal imm.ature lymphocytes and re¬ 
ticular cells as compared to Figure 3. H. 
and E. X500. 



Fig. 3. Thymic cortex of alcohol- 
treated adienalectomized mouse, 72 hours 
after alcohol injection, 36 hours after 
adrenalectomj'. Note the large numbers of 
small and medium hyperchromatic lym- 
phocj-tes and few reticular cells as com¬ 
pared to Figure 2. H. and E. X500. 


the relative weights of the thymus are plotted against the log-dose of ad¬ 
ministered hormone. The horizontal shaded bars represent the mean and 
standard error of the mean thymic weights of the intact non-treated and of 
the intact alcohol-treated animals, as obtained 36 hours after the start 
of the experiment. The sloped line is the thymo-regressive response line 
mathematicallj" fitted about the observed relative weights obtained from 
groups of animals which were adrenalectomized, 24 hours later treated 
with a single injection of one of a graded series of doses of hj^drocortisone. 
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Fig. 4. Log dose-rcsponsc rclationsliips between tiic rolntivc weiglit of the thymus 
and graded dosc.s of liydrocortiaonc in adrcnalectomizod CBA mice. Shaded bands repre¬ 
sent mean and S.E. of the thymic weiglits of intact non-treated and intact alcohol- 
treated groups, 

and sacrificed 36 hours after the hormone treatment. From the intersection 
of the thjmio-regressive response line with the line representing the thymic 
weights of the control and alcohol-treated animals, it may be seen that a 
dose of over 50 micrograms of compound F induced a thymic involution 
equivalent to that induced by the alcohol treatment during an equivalent 
period of time. This represents about a fifty-fold increase in the hormone 
dose required to maintain the thymic Aveight at normal levels in adrenal- 
ectomized mice. From this relationship it can be assumed that the sub¬ 
cutaneous alcohol injections in intact animals induced a fifty-fold increase 
in adrenocortical activity. This agrees Avith the estimate of increase in cor- 
ticoid acthdt}^ arrived at using intraperitoneal injections of alcohol in 
female mice 10 Aveeks of age as reported in a preA’ious communication (6). 

DISCUSSION 

There is an extensiA'^e amount of literature concerning the hormonal con¬ 
trol of lymphatic tissue (7). For the most part the aAmilable information 
is concerned AAoth those hormones or conditions AA'hich faAmr acute iiiA^olu- 
tion, but there is little information concerning the factors AA’hich stimulate 
the groAvth of lymphatic tissue, either from normal leAmls or following 
acute involution. The results presented in this report strong!}^ suggest 
that there exist adrenal cortical influences Avhich stimulate or enhance tiie 
reconstitution of the thymus following acute iuAmlution. This is evidenced 
by the inhibition and alteration in groAAdh of the thjunus Avhich occurred 
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following adrenalectomy performed at the time of maximal stress-induced 
acute involution. 

The mechanisms by which the adrenal cortex may influence the growth 
of lymphatic tissue following sti'ess are undoubtedly related to the mech¬ 
anisms involved in the production of acute involution. There are appar¬ 
ently three mechanisms by which the adrenocortical hormones induce 
acute lymphatic organ involution. They may produce destruction of lym¬ 
phocytes (lymphocytol 3 ^sis), and they may also inhibit homoplastic 
(mitosis) and heteroplastic proliferation (differentiation) of immature 
cells (7, 8). In a previous study, differential response of Ij^mph nodes and 
thymus of adrenalectomized mice to the different types of purified adreno¬ 
cortical products was conclusively demonstrated and mathematically ana¬ 
lyzed. It was then suggested that the lymphocytes in different stages of 
development display different susceptibilities to the lymphocytolytic and 
mitotic suppressing effects of the C-11 oxy and 17-hydroxycorticosteroids 
(8). Thus the mature small lymphocjffes, which are the cells most charac¬ 
teristic of the thymus, are more susceptible, and the large Ij’-mphocytes, 
characteristicallj'' present in relativelj'^ greater numbers in lymph nodes, 
are more resistant to the lymphocytolytic and mitotic suppressing effect 
of the adrenocortical steroids (7, 8). 

Assuming that the stressing effects of the alcohol intoxication, as induced 
in this stud}'-, stimulated the adrenal cortex to secrete steroids of the C-11 
oxy and/or 17-hydroxy type, it would then follow" that the greatest involu¬ 
tionary effect w'ould be observed in the thymus, due primarily to the lysis 
of the small Ij^mphocj^tes. In contrast to the situation in the thymus, the 
lymph nodes, w'ith relativel}" larger numbers of reticulo-endothelial cells, 
w'ould not displaj" a comparable amount of involution and in some cases 
would display none following acute stress, depending upon the potency 
of the endogenous adrenocortical secretions. 

The mechanism described above w^ould also lead to an understanding of 
the manner in wdiich the adrenal cortex maj" influence the thj'mic reconsti¬ 
tution. At the time of maximal tlij^mic involution (36 to 48 hours after the 
alcohol injection) the small Ij^mphocj'^tes of the th3"mic cortex Avere greatl}" 
reduced in number. At this time, hoAA'ever, there Avas left a Avell-defined 
frameAA’ork of reticular cells and scattered large l3"mphoc3"tes distributed 
throughout the th 3 "mic cortex. Thus there Avas a residue of the more re¬ 
sistant lymphocytes and reticular cells. During the initial rapid groAA'th 
AA'hich folloAved acute involution, there w^as an increase in the numbers of 
reticular cells and immature (reticular) lymphocytes. Mitoses among these 
cells Avere commonly obserA^ed. During the later stages of reconstituion 
there Avas a differentiation of reticular cells and proliferation of lympho- 
C 3 "tes. It Avould thus appear that the I’econstitution of the normal th 3 "mic 
structure Avas a reversal of acute inA"olution. Cytological reconstitution 
appeared in the order of resistance of cells to the effects of steroid hor- 
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mones, i.e., the most resistant cells were the first to be restored. Reconsti¬ 
tution of the thymus thus would seem to be associated with a progressive 
decrease in adrenocortical activity. 

If the above were correct, it would then follow that the experimental 
withdrawal of adrenocortical secretions would accelerate tlie growth of 
the thj^mus, but as it -was so clearly demonstrated in this study, a with¬ 
drawal of adrenocortical steroids, as induced by adrenalectomj^, not only 
failed to accelerate reconstitution, but induced an additional depression 
in th 3 mric weiglits and retarded the onset of grondh. We are at present 
unable to account for the additional drop in thymic weiglit which occurred 
following adrenalectom 3 ^ How'ever, the growdh that eventually occurred 
w^as extremely rapid and histologicall 3 '' quite unlike the grow'th wdiich 
occurred in the intact-stressed animals. The growth of the thymus wdiich 
occurred in adrenalectomized animals following the alcohol-induced stress 
w^as also quite different from that wdiich has been found to occur following 
adrenalectom 3 ’- in non-stressed mice of the same strain and age; wdiere a 
detectable increase in thymic weight and the maximal increment were 
found at 24 and 120 hours, respectivel 3 ’', following adrenalectomy (9, 11). 

The rapid growdh that eventually became established after the 120tli 
hour in the stressed-adrenalectomized animals in the present study, w'as 
found to be due to an increase in the number of tlie small l 3 "mphoc 3 les of 
the th 3 ''mus. Once this homoplastic growth became established, it pro¬ 
ceeded virtuall 3 ^ unchecked until the thymic w^eights exceeded those of the 
normal non-stressed controls. In contrast, homoplastic growth in the 
intact-stressed animals decreased progressivel 3 ' as the normal thymic 
w^eight W'as approached. The growTh mechanisms thus far described sug¬ 
gest that there exists a fine balance of stimulating and moderating influ¬ 
ences wdiich serve to control the rate and degree of growth of l 3 ’nipliatic 
tissue following a stress-induced acute involution. 

The involution and reconstitution of 13 'mphatic tissue has also been 
demonstrated to be related to nutritional factors (7). Comparison of the 
bod 3 '' w^eight loss with the th 3 '’mic involution in the intact animals suggests 
that the th 3 ’^mic involution wdiich occui'red during the initial 48 hours may 
w'ell have been partl3^ related to the loss in bod3'- W'^eight; how^ever, wdiere 
the maximal loss in bod 3 '’ wmight ivas in the order of 9%, the loss in thymic 
w'eight wms approximatel 3 ’' 70%. Thus the bod 3 ^ and organ weight loss 
wmre disproportionate. Deprivation of the adrenals induced an additional 
loss in bod 3 ^ w'^eight but despite the cachexia wdiich developed, the tlqmius 
grew'^ and exceeded its normal size. Thus in the adrenalectomized animals 
there wms growdh of the th 3 anus despite the generalized metabolic dis¬ 
turbances. 

Administration of the alcohol subcutaneousl 3 q instead of intrapeiito- 
neally (6), necessitated doubling the alcohol dose in order to obtain asgieat 
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an intoxicating and lethal effect. However, on the basis of the th 3 ^mo- 
regressive response test, the increase in adrenocortical activity was approx¬ 
imately the same as that obtained using the intraperitoneal route. This 
comparison might at first seem to impty that the response of the pituitar 
adrenal axis to a stressful stimulus would follow an "all or none” law. 
However, since this work was completed it has been conclusively demon¬ 
strated that the adrenocortical response to alcohol-induced stress is pro¬ 
portional to the magnitude of the dose (10). The subjective symptoms of 
intoxication and the mortality obtained using the subcutaneous route 
paralleled but were delayed compared with those obtained using the intra¬ 
peritoneal injections. The need for a larger dose using the subcutaneous 
route was probably related to a slower rate of absorption. It is at present 
not possiljle to determine the manner bj’- which either subcutaneous or 
intraperitoneal injections of alcohol induce the state of stress. The stress 
response may conceivablj^ be due to central nervous system effects, tissue 
damage at the site of injection, or general metabolic disturbances associ¬ 
ated with liver damage. 

The data and interpretations presented in this study are in close agree¬ 
ment with the theories which have thus far been advanced concerning the 
manner by which the adrenocortical hormones control the mass and 
cytology of lymphatic tissue (7, 8). It further appears that the reconstitu¬ 
tion of the thymus after acute involution is influenced by adrenocortical 
factors which exert a stimulating effect upon the reticular cells responsible 
for a rapid early growth. The adrenal cortex then apparently exerts a 
moderating effect upon the differentiation of reticular cells and prolifera¬ 
tion of lymphoid elements. Deprivation of the controlling factors thus not 
onlj’^ inhibits the initial reconstitution but also changes the characteristics 
of the growth which eventually occurs, leading to a hyperplasia of the 
thymus and lymph nodes. 
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STUDIES ON THE ASSAY OF ALDOSTERONE: 
CHROMATOGRAPHY AND CHEMICAL 
DETERMINATION' 
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HfcGill University Clinic, Royal Victoria Hospital, Montreal, Canada 

ABSTRACT 

Chloroform extracts from urines were prepared for the determination of al¬ 
dosterone. These were subjected to various types of paper chromatography and 
the purified extracts evaluated by the ultra violet absorption at 240 mg and 
by the blue tetrazolium color reaction. These results were compared with those 
obtained bj'^ bioassay. A sequence of 4 chromatographic systems was considered 
necessar 3 ’^ for most of the urines to obtain a satisfactorj- agreement between the 
chemical and the biological determinations. The chromatographic systems were 
applied in the following sequence; (1) chloroform-formamidc; (2) toluene-ethj-1 
acetate-methanol-water; (3) isooctane-tertiary butanol-water and (4) benzene- 
methanol-water. With this method, aldosterone was isolated from pregnancy 
urine and identified by the infra red spectra of the isolated material and its 
lactone. 

The comparison between the results of the bioassay and the chemical de¬ 
termination at various stages of the chromatography indicated that some urine 
extracts contained, even after separation of hydrocortisone, cortisone and 
corticosterone from aldosterone, one or possibly more substances which caused 
a lowering of the results obtained by the bioassay. One such compound appears 
to be separated from aldosterone bj’ development in the EjB system. 

S OME of the problems connected with the extraction of aldosterone 
from urines have been described in a previous paper (1). In this com¬ 
munication Ave Avish to present some of our experiences during the past 
four years Avith the paper chromatographic separation of aldosterone from 
crude urinary corticosteroid extracts and its chemical determination. It 
Avas considered essential to folloAv the progression of the chromatographic 
purification of aldosterone from accompanying steroids by bioassay and to 
compare these results Avith Amlues obtained by the chemical evaluation 
methods. A presentation of such experiments Avas, hoAvever, not possible 
Avithout mentioning an unknoAAUi factor, exerting disturbances in the bio¬ 
assay, Avhich appears to be present in the urinary steroid extracts, espe¬ 
cially from pregnanc}'^ urines, even after the remoAml of cortisone, hydro¬ 
cortisone and corticosterone. In chromatographic polarit3^, this factor or 
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factors appeared to be closelj"^ related to aldosterone. In the bio-assay it 
would depress the sodium retention in the test animals and on some occa¬ 
sions even lead to frank sodium excretion as compared to the control ani¬ 
mals. However, no attempt will be made in this communication to pre¬ 
cisely describe such a factor, since further work, which is in progress, is 
required for its identification. 

METHODS 

Hydrolysis and Extraction: Urine samples were acidified to pH 1.5 and allowed to 
stand for one or two days at room temperature over a small volume of chloroform. 
The}^ were e.vtracted three times with chloroform and the extracts were washed five 
times with one-tenth volume of O.IN sodium h 3 ’’droxide and twice with water. The 
alkali washings were back e.xtracted with chloroform and the combined extracts evapo¬ 
rated to dryness under reduced pressure. 

Paper Chromatography: Aldosterone was isolated from the crude corticosteroid resi¬ 
dues bj’- various sequences of chromatographic developments on paper as described later. 

(a) General Conditions of Chromatograph}’^: The chromatographic tanks were kept 
in a constant temperature room at 7S° F. AYhatman paper No. 1 was used throughout 
since it was found to give the least difficulties with background color. The paper, cut in 
strips 17 cm. in width, was placed in a Soxhlct apparatus and extracted with methanol 
for 48 hours. A further extraction with chloroform for an additional 48 hours was carried 
out on the strips to be used for the final run. After application and chromatographic de¬ 
velopment the position of hj^drocortisone, cortisone and aldosterone on the paper strips 
was determined by their absorption of ultra violet light. The desired zones were out¬ 
lined and cut at 1 to 2 cm. above and below the absorbing area. The paper was cut into 
small pieces which were allowed to stand for 3 hours in methanol or ethanol. The eluate 
was then filtered through a glass fritted filter. To obtain quantitative elution, the 
paper pieces were shaken with 3 more portions of alcohol and the combined eluates were 
evaporated under reduced pressure. Alethanol and ethanol eluted the steroids equallj' 
well, whereas chloroform and meth 3 dene dichloride eluted onb^ 13 and 22% of the ap¬ 
plied corticosteroid with the same technique. 

(b) Chromatographic S 3 "stems: The S 3 ’stems of Zaffaroni (2), using toluene-prop 3 '- 
lene-glycol, benzene-formamide and chloroform-formamide (3), the latter in the modi¬ 
fication by Neher and Wettstein (4), were used for the initial runs. These S 3 "stems were 
able to accomplish a good separation of the various corticosteroids from relativeb" large 
amounts of the crude steroid extract. 

To achieve further separation three more s 3 "stems were used; the 3 " were, the system 
C of Bush (5) (toluene-eth 3 d acetate-methanol-water 9:1:5:5), the S 3 'stem Bs of Bush 

(5) (benzene-methanol-water 14:6:5) and the s 3 ^stem EjB of Eberlein and Bongiovanni 

(6) (isocotane-tertiar 3 ^ butanol-water 10:5:9). 

When highb" pigmented or bulk 3 ' urinary extracts were obtained, a preliminar 3 ' puri¬ 
fication was carried out before the extracts were processed through the separating S 3 'S- 
tems. This was achieved in the n-heptanol-water S 3 '’stem of Schmidt and Staudinger 

(7) using descending paper chromatograph 3 >- instead of an ascending s 3 ’stem as origi- 
nalb' outlined b 3 ' these authors. It was found necessar 3 " to introduce a beaker with 300 
ml. heptanol into the tank, which was filled with 1000 ml. of water, saturated with 
heptanol, and to prolong the time allowed for equilibration to 3 hours. Applications 
were made on Whatman Paper No. 1, previousb' washed with distilled water and dried. 
The best results were obtained when a crude neutral residue, equivalent to a 15-hour 
volume of urine, was applied on a paper 17 cm. in width. Twent 3 '-five ml. water satu- 
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Table 1. Conditions and migration rates in various chromatographic systems 


Chromatographic 

sj'stem 

TP 

CF 

i 

E 2 B 

BuC 

BuBfi 

HIV 

BF 

Impregnation of paper 

propylene- , 

form.amide 

— 

- 1 

_ 

_ 

for- 

glycol- 1 

acetone 


1 



mamido 


methanol 

1:1 1 

5:1 



1 


Equilibration Time 

0 ] 

0 

5 ‘ 

^ 1 

0. I 

4 

3 

0 

(hrs.) 

1 


1 




Amount of Mobile 

350 

25 

40 

25 

25 

25 

350 

Phase Used for De¬ 
velopment (ml.) 



1 



1 


Duration of Develop- 

48-72 


18 

4-4.5* 


5 i 

5.5 

ment (hrs.) 

1 

1 

■Mi 






Migration Ratcf 

1 


1 





HAMrocortisone (F) 

0.470 

0.3G4 

1 0.890 

0.032 

1 0.500 

1.000 

_ 

Cortisone (E) 

1.000 

1.000 

1.000 

i 1.000 

! 1.000 

1.000 

i 0.325 

Aldo.sterone (Al) 

0.973 

1.010 

0.025 

1 0.037 


> 1.100 


Aldosterone (mono- 

— 

1.000 

1.820 

1.675 

2.075 

— 

1 - 

acetate) 

Cortisone (mono- 


1 

__ 

1 

1 _ 

1 


! 0.811 

acetate) , 

ll-dehvdi'ocorti- j 



_ 



1 

1.000 

costerone (A) 

11-dehvdrocorti- 

1 

1 


_ 

■ ■ 

wfm 


3.400 

costerone (mono- 
acetate) i 





HH 



Aldosterone (diacc- 


— 

— 



— 

3,300 

tate) 



1 

HH 

HH 




* Sudan red was added to the standards and papers removed from the tank when thedj’e 
had reached the end of tlio papers, 

I With reference to cortisone or ll-dchydrocorticostcrone. 


rated tvith heptanol served as the running phase. In contrast with the systems men¬ 
tioned above, in wliicii an organic solvent is used for the development and in which the 
urinary pigment and lipid substances arc tlicreforc washed over the papers to the solvent 
front, these materials remain at the starting line in the heptanol water system. In this 
way they can easily be separated from the corticosteroids which migrate down the paper. 
Elutates of material remaining at the starting line were repeatedly assa 3 'ed for a possible 
occlusion of aldosterone, but none was found under the described conditions. This 
method has been found to be more advantageous than silica gel columns or petroleum 
ether-70% alcohol partitions for the purification of urinar}'' extracts. 

Details about the development and the running rates of standard corticosteroids in 
the Amrious chromatographic sj'stems are listed in Table 1.® 

Physical and Chemical Determinations: The ultra violet absorption of the ethanolic 

^ For convenience the following abbreviations will be used in the tables and in the 
text: 

Chromatographic Systems; 

TP—toluene-propylene gljmol sj-^stem. 

BF—benzcnc-formamide sj^steni. 

CF—chloroform-formamide sj’stem. 

BuC—sj'stem C of Bush. 

BuBs —system Bs of Bush. 

HtV—heptanol'water sj^stem of Schmidt and Staudinger. 
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eluatc of aldosterone was measured against the eluate from a corresponding strip of 
blank paper over the range from 200-300 mp in a Beckman DU Spectrophotometer, 
The amount of aldosterone present was calculated from the optical density of the ab¬ 
sorption maximum ; 

., , , OD max. X M X 1000 
fig. steroid/ml. =-—- 

ill 

M = molecular weight (360.4 for aldosterone). 

E = molar extinction coefficient (15S00 for aldosterone). 

X max. = 23S-239 mp for aldosterone. 

The blue tetrazolium (BT) color reaction was performed according to the procedure 
of Novaezynski et al. (S). The reaction was carried out at room temperature and an 
absorption maximum of the color developed with the BT brand’ applied was found at 
525 mp. Therefore, this wave length was used for the measurement of the samples in¬ 
stead of 510 mp. The factors (1/K) for the slopes of the standard curves obtained with 
cortisone, hydrocortisone and aldosterone were 44.9, 52.2 and 51.6 respectivel}^ With 
each chemical assa 5 ’, a standard curve using 5, 10 and 15 pg. of hydrocortisone was de- 
determined, against which the samples were evaluated, as the curves for aldosterone 
and hydrocortisone were found to be almost identical. 

For further identification the material was acetylated by the method of Burton el al. 
.(2) and the spectra of the sulfuric acid chromogens were determined (9). 

Biological Assay: The sodium retaining activity of the urinary extracts was de¬ 
termined by bioassay (10) on adrenalectomized rats receiving a load of 3.5 mg. sodium 
chloride per rat. One or two groups of animals were injected with deso.xycorticosterono 
acetate (DCA) while the others received urine extracts (in aliquots varying from 10-65 
minute volumes per rat). The sodium excretion during the following 4 hours was deter¬ 
mined by flame photometry and that of the test animals compared to those of the con¬ 
trol and DCA injected animals. For analj'sis of variance the standard error of the so¬ 
dium excretion for each animal group was determined. This is listed in Tables 8 and 9 
only. In the tables, which present comparisons of results obtained b 5 '^ bioassay and 
chemical determination in the same patient, the pg. of aldosterone excreted per day are 
listed with the actual limit of error. These limits of error have been calculated from the 
standard error of the sodium excretion of each group of test animals and converted into 
terms of aldosterone. 

Standard curves obtained with DCA have shown an index of precision varying from 
X = .227 — .260. A standard curve obtained with aldosterone shows an activitj'' approxi- 
mateb" 25-fokl that of deso.xj'corticosterone acetate in this assay procedure. 

The urinar}^ extracts injected into the test animals for the following experiments 
were previousl}' purified bj^ various chromatographic procedures as described later. 

EXPERIMENTS AND RESULTS 

The following experiments were carried out to determine the I'ccover}" 
of aldosterone bioassay and bj-- the chemical procedure after running 
the extract in various paper chromatographic sj^stems. 

A. Sequence of Cliromaiograpliic Systems 

Urines collected from a healthy pregnant woman in the ante- and post¬ 
partum periods were used in this investigation. They were acidified and 
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extracted as descril^ed above. Each of the crude neutral extracts Avas puri¬ 
fied by chromatography in the heptanol water system (15 hours urine 
aliquot per 17 cm. width of paper). The entire paper, with the exception of 
the pigmented material along the starting line, was eluted and the steroid 
residue rechromatographed on tAVO sheets in the TP system for 3| days. 
The cortisone zone Avas eluted and reapplied on one sheet for deA^elopment 
in the system BuC for S hours. A 10-Jjour aliquot of the eluate from the 
hydrocortisone region Avas submitted to bioassay, Avhile the remaining 20- 
hour aliquot Avas further chromatogi-aplied on sti-ips 3 cm. AA'ide in S3"stem 
E 2 B for 20 hours. The aldosterone zone AA'as eluted and UV-absorption and 
the BT-color reaction performed on a 10-hour aliquot. The remaining 10- 
hour aliquot Avas used for a final development in the system BuBb for 7 
hours on strips 2 cm. Avide. UV-absorption and BT-color reaction Avere re¬ 
peated after this step on the aldosterone eluate. The results of this experi¬ 
ment are shoAA-n in Table 2. 


Table 2. Aldortbuon'e estimations at various stages of 

CIIIIOMATOGRAI’IIIC I’UIillTCATION 


Normal prcKnancy 
Delivered Sept. 5/57 


Aug. 15-17 
Aug. 18-20 
Aug. 21-23 
Aug. 24-2f) 

Aug. 27-20 

Sept. 8-10—Postjiartum 
Sept. 11-13—Po.stpartum 


Aldosterone in mS- per 24 hours 


(!) After BuC 
liofore lOiB j 

Bio-asPii.v 
(limits of error) 

(2) After Iv-B 
before BuB[, 

UV BT 

(3) After BuBj 

UV BT 

12.1 ( 7.1-17.3) 

1(54 

120 

125 

115 

14.2 ( <1.4-22.2) 

235 

133 

139 

135 

37.6 (31 .G-44.<)) 

225 

147 

145 

140 

42.7 (33.,5-54.6) 

254 

15G 

1C5 

150 

55.2 (45.0-70.9) 

2G6 

178 

16C 

169 

10.4 (10.9-24.3) 

154 

2S 

18 

18 

10.1 ( G.1-17.3) 

101 

19 

1 11 

11 


After the samples Avere chromatogi’aplied in s^’stem E^B the determi¬ 
nations AA’ith the UV-alisorption method gaAm considerabl}" higher A'^alues for 
the aldosterone fraction than the BT-color reaction (Table 2, column 2), 
thus indicating that the material Avas still contaminated in spite of the 
preAuous 4 cliromatographic separations. During the last chromatography 
in system BuBs, hoAveAmr, this contamination (a UV-positive, BT-negatiAT 
substance, running a little sloAAmr than aldosterone in BuBb and probably 
identical Avith Genest’s Compound V) (19) Avas separated so that at this 
stage the ultra Auolet and blue tetrazolium Amlues agreed fairl}'’ aa^cII (Table 
2, column 3) and the measured compound could be considered as being 
essentiall}' aldosterone. This Avas further substantiated bj'" the spectrum of 
the sulfuric acid chromogen of this material, Avhich shoAA^ed the charactei- 
istic peak for aldosterone at 289 mg. After heating the sulfuric acid solu¬ 
tion to 90° C for one hour, maxima at 247 and at 285 mg AATre obserAmd as 
preAUOusly described for aldosterone by Wettstein ei al. (11)- The resu ts 
Avhich Avere obtained bj'’ means of the bioassa}’^ before chromatograpliy 
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system EoB were grosslj^ at variance with the final results from the chemi¬ 
cal estimation during the final period of gestation and only the two post¬ 
partum samples showed agreement in the three methods. The lower values 
obtained by bioassaj’- in this patient suggest that some factor is excreted 
during pregnancy which appears to interfere with the bioassay of aldoster¬ 
one. This factor has the same chromatographic behavior as aldosterone 
in the systems TP and BuC and could be separated from it by systems EoB 
and BuBs. This factor was not present in the two urines collected 10 and 
13 days postpartum. 

B. Separation of Material Disturbing the Bioassay 

Extracts from two urizie samples collected from health}'- women during 
their sixth month of pregnancy were chromatographed in systems CF, 
BuC, E 2 B and aliquots for bioassay were removed from the crude extract 
and after each step of chromatography. Chemical analysis was performed 


Table 3. Sepabatzon op bioassay hindebzng material 



Fraction 

fig. Aldosterone 

per 24 hrs. 

UV 

BT 

Bioassay 
(limits of error) 

Normal Pregnancy 

crude extract 

_ ; 

_ 

8.6 ( 5.9-14.1) 

case B.M. 

CF—eluate 

— ; 

— 

10.4 ( 9.3-12,2) 


BuC—eluate 

_ j 

— 

-- 


E'B—eluate 

24.2 1 

24.5 

24.7 (15.6-38.0) 

Normal Pregnancy 

crude extract 

_ 1 

_ 

37.1 (29.4-44.9) 

case E.S. 

CF—eluate 

_ ] 

— 

— 


BuC—eluate 

— 

““ i 

31.8 (22.8-43.2) 


EjB—eluate 

45.0 

45.6 

46.6 (37.5-58.8) 


after chromatography in system E 2 B. Since agreement between the chemi¬ 
cal and biological assays was already reached at this stage, no further de¬ 
velopment in system BuBs was performed (Table 3). The results of the bio¬ 
assay on the crude extract and the purified fractions from the CF- and BuC 
paper chromatograms were considerably lower than those obtained after 
the separation in system E 2 B, thus indicating again the presence of a ma¬ 
terial disturbing the bioassay in the eluates from the CF and BuC chro¬ 
matograms as well as in the crude extract. In both these specimens the 
bioassay showed a satisfactory agreement with the chemical determina¬ 
tions after chromatograph}’- in the E 2 B system. In this respect they be¬ 
haved differently from the samples in the first experiment (Table 2) which 
required a subsequent chromatography in system BuBs to bring agreement 
between the MV and BT methods. 

C. Background Color from Blank Paper 

Since the eluates from blank paper strips showed a certain amount of 
background color, it was necessary to choose a chromatographic system 
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for the last step of the procedure which would lead to the smallest blank. 
Paper strips were therefore subjected to various types of chromatography 
and color reactions on eluates were carried out with blue tetrazolium and 
with dinitrophenyl-hydrazine. The results, which are shown in Table 4, 
demonstrate that the system BuBb exhibited the lowest blank values with 
regard to the IdIuc tetrazolium reaction, whereas system E 2 B probably is 
preferable for the dinitrophenyl hydrazine reaction. The same amount of 
background color was present in extracts whether they were chromato¬ 
graphed in the 4 systems described or only in the last one. From 24 paper 
blanks handled during the past six months, the optical density of the back¬ 
ground color has varied from 0.030 to 0.050 per 8 cm.^ paper, wlien system 
BuBb was used as the last step. 


Table 4. Background colors develored from blank pafer eluates 


Chromatogr.Tphic .system 

OD of Iv.iekgvouud color from 

8 cm.^ of paper 

BT 

DNPH 

H\V 

0.03.5 

_ 

C-F 1 

- 1 

0.0G7 

T-P 

0.00) 

__ 

BiiC 

o.ooo 

O.OGO 

E.B 

0.272 

0.040 

EjB followed hv BuC 

0.112 

— 

BuBs 1 

0.032 

0.05G 

CF-^BuC->EjB-*BuBs 1 

0.032 

— 


jD. Recovery of Cortisone, Hydrocortisone and Aldosterone 

Since a sequence of 4 chromatographic developments was considered 
necessarj'^ for sufficient purification of the aldosterone fraction in the ma- 
jorit}^ of urines examined, it was important to measure the recovery of the 
steroids applied on the paper after passing through each system. This was 
determined b 3 ’^ XJV absorption and reduction of BT. An average recovery 
of 95.1% was obtained for cortisone or hjTlrocortisone when chromato¬ 
graphed in amounts of 75-90 /xg. in each of the descrilDed sj^stems. This 
would amount to a total loss of approximately 20% after 4 chromato¬ 
graphic developments. In two experiments, when 60 ;ug. cortisone were 
chromatographed consecutivelj’^ in the 4 sj^stems, CF, BuC, EsB and BuBs, 
recoveries of 81.0 and 84.2% of the initial material were observed with the 
BT- and 83.8 and 85.9 by the UV-evaluation. 

When 24.3, 35.2 and 40.0 jug- aldosterone were applied and chroma¬ 
tographed through these four sjmtems, 75.2-77.9% were recovered as evd- 
uated by the UV and BT method, showing an actual loss of about 25% 
during the chromatographic procedure. 

When the free alcohol of aldosterone was added to water, acidified to 
pH 1.5, alloAved to stand for 48 hours at room temperature and extiacte 









May, 1959 


ASSAY OF ALDOSTERONE 


655 


with chloroform in a manner similar to that used for urine, 88% w^as re¬ 
covered with the UV- and 85% rvith the BT-method after chromatographj^ 
in the system BuC. This demonstrates a loss of about 15% for the hj^drol- 
ysis, extraction and washing procedure of the aldosterone determination 
method, including one chromatographic step, so that a total loss of approx¬ 
imately 35-40% would occur during the determination. A similar recovery 
of 60.8% was obtained when 40 Mg- aldosterone wmre added to the urine be¬ 
fore its acidification. 

When aldosterone acetate was added to urine samples before acidifi¬ 
cation, the ester -was not quantitatively hydrolj^zed under the applied con¬ 
ditions, since onlj'- 47.0, 46.5 and 52.8% were recovered after chromatog¬ 
raphy. 

E. Comparison of Aldosterone Vahies Obtained by Chemical and Biological 
Assays in Patients with Various Clinical Conditions 

Since the four systems, CF, BuC, E»B and BuBs had proven satisfactory 
when used consecutively for the separation of aldosterone, this combi¬ 
nation of chromatographic developments was applied to a series of urines. 
The eluates frojn the last chromatogram w'ere subjected to the UV absorp¬ 
tion, the BT-color reaction and the bioassay. 


Table 5. Comparison of aldosterone levels obtained by bioassay and chemical 

ESTIMATION AFTER EXTENSIVE CHROMATOGRAPHY 



1 Aldosterone—ng. per 24 hours 

Clinical condition 

UV 

BT 

Bioassay 
(limits of error) 

Normal males; 

P.S. 

2.3 

1.8 

1.3 ( 0.9- 1.9) 

J.L. 

2.6 

1.4 

2.4 ( 1.3- 4.0) 

M.L. 

7.6 

7.4 

— 

J.F. 

— 

2.1 

1.9(0. - 3.3) 

J.F. on ACTH 

— 

10.9 

9.7 ( 6.4-16.5) 

R.M. 

— 

9.1 

8.1 ( 4.5-14.4) 

R.M. on ACTH 

— 

16.8 

12.4 (11.0-14,8) 

Normal females; 




I.R. 

4.7 

1.1 

1.2 ( 0 - 4.9) 

O.R. 

9.4 

7.0 

8.1 ( 6.3-11.2) 

D.M. 

2.0 

1.9 

2.2 ( 1.4- 3.8) 

S.A. 

4.8 

4.2 

5.9 ( 4.2- 7.9) 

L.G. 

— 

5.1 

6,7 ( 3.3-11.2) 

L.D. 

-— ! 

3.8 

2.2 ( 0 - 4.0) 

I.P. (1) 

— . 

3.1 

3.4 ( 1.9- 5.9) 

I.P. (2) 

— 

2.4 

3.2 ( 2.1- 4.9) 

I.P. (3) 

— ; 

3.9 

4.2 ( 2.9- 6.9) 

H j'pokalemia—J. B. 

12.6 

14.3 

13.2 (11.1-16.1) 

Cushing sj-ndrome—L.L. 



1 

untreated 

1 17.0 

11.4 

12.2 ( 9.2-17.1) 

on ACTH 

24.9 

24.8 

22.2 (19.0-27.1) 

post ACTH 

8.6 

8.6 

8.9 ( 6.6-12.9) 

post adrenalectomy 

neg. 

<1.0 

<1.0 

Sodium loosing syndrome—R.G. 

Cushing’s syndrome—M.C. untreated 

neg. 

<1.0 

<1.0 


5.9 

6.3 ( 4.1- 9.8) 
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Table 5 shows the results obtained in healthy persons, two patients with 
Cushing’s disease, one case of hypokalemia and a case with a sodium losing 
condition. In general, fairly good agreement occurred between the chemi¬ 
cal methods and the bioassa 3 ^ In four instances higher levels were obtained 
by measurement of UV absorption indicating that this determination was 
the one most sensitive to contaminations. 

Table 6 show's aldosterone values obtained during a metabolic study on 
a case of panhypopituitarism receiving growth hormone preparations. 
The BT color reaction general!}' agreed w'ell w'ith the bioassay whereas 
here again the results of the UV absorption measurements w'ere not so reli¬ 
able. In the instances indicated by dashes in Table 6, no satisfactory UV 
absorption curve w'as obtained. The clinical conditions of this patient w'ere 
discussed as “case 2” b}' Beck el al. (36). 

F. Isolation of Aldosterone from Pregnancy Urine 

Thirtj'-six liters of urine obtained from healthy w'omen in their last 
month of pregnancy w'ere extracted in the manner described under “Meth¬ 
ods.’ For purification from pigments the total crude steroid residue was 
chromatographed in the heptanol-w'ater system using 16 sheets of paper. 
The browm starting line region W'as excluded and the rest of the papers 
eluted. This material w'as then applied and developed on eight sheets of 
paper in system CF. From this chromatogram the dark band absorbing 
light in the region of cortisone, w'as eluted including 3-4 cm. above its up¬ 
per borderline, thus excluding the urinary hydrocortisone. A chromatog¬ 
raphy in system BuC follow'ed using 8 paper strips, most of w'hich showed 
4 UV-light absorbing zones. The band in the region of hydrocortisone 


Table G. Comparison of aldosterone levels obtained by bioassay and chemical 

ESTIMATION AFTER EXTENSIVE CHROMATOGRAPHY IN A CASE 
OF PANHYl’OPITUITARISM (g. L. AGE 18) 


Aldosterone—/ig. per 24 hours 


Daj' of 


1- 3 
4- 6 
7- 9 
11-12 
13-15 
10-18 
19-21 
22-24 
25-27 
28-30 
31-33 
34-3C 
37-39 
40-42 
43-45 
46-48 
49-51 


Treatment 


Porcine Growth Hormone 10 mg. 
Porcine Growtli Hormone 40 mg. 


Human Growth Hormone 2 mg. 
Human Growth Hormone 2 mg. 
Human Growth Hormone 5 mg. 
Human Growth Hormone 10 mg. 
Human Growth Hormone 20 mg. 


UV 

BT 

3.8 

2.7 

7.2 

6.8 

8.1 

7.9 

6.5 

5.5 

4.4 

5.0 

2.3 

2.7 

G.l 

— 

~ 

10.9 

_ 

14.0 

(8.0)* 

(7.2) 

9.6 

10.2 

15.0 

14.1 

8.2 

7.3 

_ 

6.0 

_ 

6.5 

4.2 

4.7 



Bioassay 
(limits of error) 

* 

2.9 ( 1.9- 4.3) 

7.6 ( 5.9-10.2) 
7.0 ( 4.5-10.4) 

3.7 ( 2.7- 5.6) 

2.6 ( 1.6- 4.3) 

2.7 ( 1.8- 4.4) 

5.9 ( 4.5- 7.2) 

4.5 ( 2.3- 8.6) 

9.6 ( 7.3-12.1) 

14.6 (11.9-18.4) 

17.8 (11.3-27.9 

10.8 ( 6.9-10./ 

13.6 ( 6.8-16.4) 
8.0 ( 5.1-14./ 

5.3 ( 4.0- /.2 

7 3 ( 4.5-16.3) 
4.0 ( 3.4- 4.8) 


Some of this material was lost during the procedure. 
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standard was eluted for development in system E 2 B on the same numljer 
of papers. Three zones were observed, the center one corresponded to the 
position of aldosterone. This was eluted and rechromatographed in sj^stem 
BuBs, which did not separate any visible amounts of UV light alisorbing 
compounds (Genest’s Cpd. V) and in this behaved differently from the 
urine used in experiment A (Table 2) but similar to the two pregnancy 
urines in experiment B which also showed no evidence for the presence of 
Cpd. V. The aldosterone region showed a material which absorbed UV 
light maximallj" at 239 m/x. The amounts of this material were estimated 
by the three available methods and are shown in Table 7. The results de¬ 
termined by bioassa}' for aldosterone activity, increased ivith progressive 
purification and reached the levels measured by the BT-reaction after the 
last chromatograph}'-, thus indicating again, for the crude fractions, an in¬ 
hibition of the aldosterone effect in the test animals by some contaminating 
material, some of which was removed by development in the E^B-system, 


T.^ble 7. Aldostehone isolated from pregnancy chine 


System 

Aldosterone in 

UV 

BT 

Bio-assay 
(limits of error) 

After BuC 

790 

3660 

328 (267-390) 

After EjB 

518 

760 

414 (337-521) 

After BuBs 

478 

480 

408 (397-569) 


whereas a remainder was separated out b}' BUB 5 . An infra red spectrum of 
the isolated material was obtained through the kindness of Dr. Lieberman 
and Dr. Ulick. We are also indebted to them for the preparation of the 
lactone 874 of Reichstein (12) from our material and for the infrared spec¬ 
trum of the latter substance. Both spectra were considered compatible 
with the ones of authentic aldosterone and of lactone 874 respectively. 
When the lactone prepared from the urinary material was chromato¬ 
graphed in cyclo-hexane-benzene (1 ; 1 )/formamide with the authentic 
compound for 6 § hours, both showed the same running rate (lactones 19.25 
cm., adrenosterone 22.25 cm.). 

An acetate was prepared from material isolated in a similar manner 
from other batches of pregnancy urine. This sulrstance showed, in system 
BF, the running rate expected for aldosterone diacetate (Table 1 ). The 
sulfuric acid chromogen spectrum had a single maximum at 289 mju and 
exhibited peaks at 247 and 285 after heating to 90° C, which added further 
evidence for the identity of the isolated material with aldosterone. 

DISCUSSION 

The necessity for a purification of the crude neutral corticosteroid ex¬ 
tracts had alread}' been recognized at the time when onl}' bioassaj- methods 
were available for the determination of aldosterone. Hydrocortisone, corti- 
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sone, corticosterone, which are known to occur in these extracts, ma 3 ^ affect 
the excretion of sodium and/or potassium in adrenalectomized animals. In 
our assaj’- procedure cortisone was found to lower the aldosterone results 
when present in amounts of 26 fig. or more per rat; 1-10 ng. had little effect 
on the results (Talkie 8). lij^drocortisone, when injected directly into test 
animals, showed a sodium excreting effect at dose levels from 30 to 50 fig. 
per rat, whereas lower levels did not appear to have an}”- significant influ¬ 
ence. Corticosterone also produced some sodium excretion at levels of 5-15 
fig. per rat, but did not alter tlie sodium excretion at 20 fig. per rat. Luetscher 
and Johnson (13) found that hydrocortisone, cortisone, corticosterone, as 
well as 11-dehydrocorticosterone, had an excreting effect in their assay 
pi’ocedure and therefore chromatographed the crude urinaiy extracts in 


Table S. Influence of added cobtisone on the aldosterone results op 

THE BIO-ASSAY ON A PREGNANCY URINE 


Urine sample 
Min. vol./rat 

1 

Cortisone added 1 
pg./rat 

Na-c.vcrelion 

Meq. witli standard 
error 

Aldosterone 
/jg./24 hrs. 

10 

0 

.139± .016 

7.00 

10 

1 

.140+ .012 

6.85 

10 

5 

.141±.0l3 

' 6.GO 

10 

10 

.141+ .008 

6.60 

10 

25 

.172+ .015 

3.10 


the TP and/or the BuBs S 3 ^stem before submitting them to bioassay. The 
observations of various authors with regard to the sodium retaining or 
sodium excreting activit 3 ^ of cortisone and h 3 Tlrocortisone at various dose 
levels in their respective assa 3 ’’ methods, have been summarized by Streeten 
et al. (14). 

The purification of the aldosterone fraction from crude extracts is even 
more of a neeessit 3 ^ when the hormone is measured chemicall}", since the 
available evaluation methods are group reactions, the formazan color meas¬ 
uring the a-ketol group in the sidechain, the ultra violet absorption the 
A^-3-keto group in ring A, and the formation of dinitrophenyl hydrazones 
the keto groups in general. Only the latter reaction may, according to 
Gornall and Gwilliam (15), be considered at least partially specific for 
aldosterone, since conditions can be chosen which lead to an absorption 
maximum of 460 nip for the aldosterone derivative, while most other ster¬ 
oids show, with the same treatment, maxima at 495 mp. 

Simpson and Tait (16) were the first to demonstrate an effective sepa¬ 
ration of aldosterone from cortisone and hydrocortisone by the use of the 
two paper chromatographic S 3 ’'stems TP and BuC. Subsequentl 3 ", Nehei 
and Wettstein (17), developed a ph 3 'sico-chemical method for the measure¬ 
ment of aldosterone in urine, based upon these procedures. A preliminaiT 
purification of the chloroform extract with a partition between petroleum 
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etlier and aqueous ethanol, followed hy a column chromatography on 
silica gel, were carried out. The eluates from the BuC chromatograms were 
evaluated by a semi quantitative method, which compares the intensity of 
the BT-color and soda fluorescence of the aldosterone fraction with hydro¬ 
cortisone. In the following year the authors reported an improvement in 
their procedure (4) and replaced the TP by the CF system, which required 
only 4 hours running time instead of 3 days. The}^ also mention in this 
article the possibility that in such eluates, which are free of cortisone, 
hydrocortisone and corticosterone, other factors might occur. 

More recentl}’’, Novacz 3 mski, Genest ei al. (18, 19) showed that other 
compounds actually were present in the aldosterone region of the BuC 
chromatogram and that more than two chromatographic developments 
were needed for a complete separation of aldosterone from these sub¬ 
stances. So far they have characterized six compounds, in addition to 
aldosterone, from urines of patients with Cushing’s disease and from that 
of health}^ pregnant women. They reported that compounds III and V oc¬ 
cur most frequently. Compound III was found to be increased in patients 
on high intakes of potassium (19) and compound II is believed to be the 11- 
keto analogue of aldosterone. To separate all these compounds completely 
from aldosterone the authors suggested, after purification of the extracts 
on a silica-gel column, the use of at least 3 chromatographic systems in the 
following sequence: ethylene-glycol-toluene, E 2 B and BuBs. 

Gornall and coworkers (15, 20, 21) also suggested that more than two 
chromatograms are needed to obtain a pure aldosterone fraction and pro¬ 
posed a sequence of two modified BuBs sj'stems (addition of 5 and 10% 
ethylacetate to the benzene) and the TP system. 

Hernando and coworkers (22) observed that the eluate of the aldoster¬ 
one zone, obtained after purification in 3 S 5 '^stems, the florisil column and 
the TP and BuC systems of paper chromatograph}^ divided into 3 zones 
when run in the E 2 B system. These were aldosterone, compounds III and 
/or IV of Genest and another compound more polar which reduced BT. In 
our own experiments, we have observed compounds III or IV separating 
from aldosterone in the EoB system in most of the urines as a UV light ab¬ 
sorbing, BT not reducing material, traveling a little faster than cortisone. 
Compound V was observed from the pregnanc}'^ urine of experiment A, 
when it was separated by the BuBj sj'^stem. An additional compound (BT 
positive and UV negative), not described b}' Novaczjmski et al. (18,19) was 
observed to be separated in the final BuBs system from the pregnane}^ 
urine of experiment F (Table 7). After its removal the bioassaj" showed 
higher results. 

These various observations indicate that there are several compounds 
present in urine with running rates on paper similar to aldosterone. These 
do not occur consistently in all urines and are often present in onl}' trace 
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amounts. To a great extent these are derived from the dark absorbing zone 
seen directly below the cortisone region on the initial papers run in the CP 
system. This zone is excluded Avhen the Neher and Wettstein method is 
followed precisely. In practice, however, and when the TP system is ap¬ 
plied, the cortisone zone and this zone often overlap and it is difficult to 
obtain a clear-cut separation; therefore, it is felt to be safer to include the 
upper part of this dark zone and rely on the subsequent systems for a more 
complete separation of aldosterone. 

Another sequence of chromatographic separations 1ms been suggested bj' 
Moolenaar (23, 24) who used toluene-octanol-methanol and water in two 
sj^stems with different component ratios to separate aldosterone. A modi¬ 
fied method of Gornall was used for the final evaluation. 

All these assa 3 ^s are sensitive to approximately 1 ^g. of aldosterone. The 
recovery of added aldosterone from urine vai’ies as follows, Neher and 
Wettstein (4) 75%; Novaczynski el al. (19) 83%; and liernando (22) 20- 
31%. Our recoveiy is around 60%. 

Latel 3 ’ more sensitive methods have been developed with the help of 
isotopes, which will allow aldosterone determinations in blood. Ayres and 
coworkers (25), using column chromatograph.y on Kieselgur were able to 
measure aldosterone diacetate-Cn in the range from 0.2 to 4.0 jug. with 
great precision. Kliman and Peterson (26), labeling the hormone with 
ti’itiated acetate, reported a sensitivitj'- of 1/100 jug. of aldosterone. 

When the results of the chemical a.S!3a.y were compared with those of the 
bioassay, a generality good agreement was observed when the samples were 
extensivel}^ purified (Tables 3, 5 and 6). Lower values were often obtained 
bj^ bioassaj" from crude extracts and from eluates after preliminaiy chro¬ 
matograph}', than from the chemical determination as shown in Tables 2 
and 3. Such differences ma.y be primarily due to tlie interfering action of 
hj'drocortisone, cortisone or corticosterone for all assaj's done on the crude 
extracts. Differences remaining after chromatograph}' in the systems CF 
and BuC must, hoAvever, be interpreted as a contamination of the aldoster¬ 
one fraction Avith other substances, either actively sodium excreting or 
aldosterone antagonizing, Avhich have running rates similar to this hormone 
in the TP, CF and BuC systems (see Experiments, A, B and F). Tables 3 
and 7 indicate that one of such materials can be separated in the EjB S 3 ’s- 
tem; AA'hether this is identical AA'ith Compound III of Novaczynski cl al (35) 
is not established at the present time. Another one seems to require the 
BuBs system (Table 7). 

The possibility of the existence of material with such biological effects 
Avas suggested to us by seA'eral obseiwations during our experience Avith the 
bioassay in the past three years. An extract, roughly purified in the BuBs 
system for the purpose of removing compounds F, B, and most of Com¬ 
pound E, Avas frequently found to shoAv less aldosterone Avhen assayed at a 
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higher dose level than at a lower dose level (Table 9). That this effect could 
not l^e explained on the basis of traces of cortisone which had not been 
completely remoAmd is evident from the data presented in Table 8. The 
biological action of the material affecting the bioassay of aldosterone ex¬ 
erted its influence onty in higher concentration, and could be diluted out 
to a certain degree. Other evidence for the presence of sodium excreting 
substances was observed in certain clinical conditions characterized by a 
sudden active output of sodium in the patient. The extract of such urines, 
when injected into adrenalectomized animals, actuall}'^ increased the 
sodium output above that of the control group. This effect was observed 
in a patient with liver disease at a time when the ascites was spontaneously 

Table 9. ExAAtPLES of urine extracts, purified by BuBs chroaxatography, which 

SHOW A GREATER INTERFERENCE IN THE BIOASSAY ON HIGHER DOSE 
LEVELS OF INJECTION 


Case 


Clinical Condition 


Aldosterone b} Bioassaj in iig /2i hours* 


10 min f 


IS min t 


30 min f 


45 min 1 


N.L. (1) 
( 2 ) 


JS 

SB, 


(3) 


( 1 ) 
( 2 ) 
(31 
(•t) 

KM. (1) 
( 2 ) 
(3) 

J.K (1) 

G Z 
GJ. 


Xormal Pregnancy 


Normal Pregnancj 
Toxemia of Pregnancj 


Toxemia of Pregnancy 

Toxemia of Pregnancj 

Toxemia of Pregnancy 
Toxemia of Pregnancy 


9 1( 149+ 017)} 
15 6( 123+ 022) 
26 8( 098+.015) 


13 1( 100±.014)1 
13 2( 094+ Oil) 
34 0( OOC± 008) 

9 1( 134 ± 008) 
13 4( 118+ 007) 
24 5 ( 110+ 017) 

10 3( 156+ 021) 


5 I( 173±.0I3) 
16 3 ( 114+ 021) 
26 5( 089+ 014) 
39 l( 068+ 010) 
57 6( 047+ 008) 


n8%ei ( 265± 023)} 
3 9 ( 136+ 0151 

9 8 ( P94± 017) 


7 2 ( 082+ 012)5 

3 0 ( 113± 015) 

6 8 ( 064+ 007) 

3 1 ( 133± 016) 

3 3 ( 131± oil) 

12 5 ( 0«8± 019) 

3 3 ( 159± 022) 


)32%ex. ( 297+ 027) 
7 3 I 098± 009) 

10 0 ( 082 ± 013) 

11 5 ( 075 ± 016) 

14 4 ( 061± 006) 


• The 6gure* luted in parenthes’e indicate the sodium excretion of the lest animals in m.eq. inth the standard error 
t Minute xolume injected per rat 
} Sodium excretion of the control group 193± .024 m eq. 

5 Sodium excretion of the control group 225± 019 m eq. 

being resorbed and sodium diuresis was occurring (27). Occasionally this 
effect is observed after ACTH withdrawal in normal individuals or in pa¬ 
tients when the injected extract caused a significant excretion of sodium in 
the test animal. Certain urines from pregnant women also appear to con¬ 
tain such a factor (Table 9). 

Similar observations have been mentioned b}^ Neher and Wettstein (4) 
who obtained more crystalline aldosterone from the urines of patients with 
nephrosis and with cardiac failure than the biosass}'^ had previously in¬ 
dicated. Since this material which is affecting the bioassa.y is chromato- 
graphicallj" so closely* related to aldosterone, one might speculate that it 
could be derived from the hormone during the procedure, possiblj" bj" oxida¬ 
tion. In this connection it is interesting to note that recent^" Wettstein 
(28) reported on the sodium excreting properties of Reichstein’s compound 
No. 885 (34), which is the lactone of an aldosterone analogue carrjdng a 
carboxjd group in the Cis position. 

The identification of the ui-inary sodium retaining material with aldos¬ 
terone was first established by Luetscher, Neher and coworkers in neph- 
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rosis (29, 30) and later in cardiac failure (31). Aldosterone was also chem¬ 
ically identified in the urine of patients undergoing surgery (32) and in the 
urine of pregnant women by Novacznyski et al. (18). In our own studies 
the characterization from pregnancy urine is further substantiated by the 
infra red spectrum and acetate formation of the hormone obtained from 
pregnancy urine. 

The assay of aldosterone either by chemical or biological procedures is 
still a time-consuming operation. Onl.y a small fraction of the amount of 
hormone secreted by the gland appears in the urine as free steroid. The 
recent report of Ulick and Liebcrman (33) of the isolation of a tetra-hyclro 
derivative of aldosterone present in much larger quantities than aldos¬ 
terone in urine offers another means of studying the metabolism ofthi.s 
hormone in clinical conditions. 
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EFFECTS OF ACUTE AND CHRONIC TREATMENTS WITH 
CARBUTAMIDE (BZ-55) ON OBESE-HYPERGLYCEMIC 
MICE AND THEIR LEAN LITTERMATES' 

JEAN CHRISTOPHER and JEAN MAYER 
With the assistance of Aelita Jurjevics 
Department of Nutrition, Harvard School of Public Health, Boston, Massachusetts 

ABSTRACT 

The acute administration of carbutamidc was found to have a hypogtycemic 
effect in fasted normal mice, while it had no definite effect on the already low 
blood sugar levels of fasted obese liypcrglycemic mice. Chronic oral treatment 
with carljutamide did not modify the food intake and weight increases of either 
type of mice during the seven weeks treatment. In obese-hyperglycemic mice no 
improvement of tlie "diabetes” was observed, both in fed and fasted states. 
Lean littermates, whether fasted or fed, showed a reversal of the direction of 
effect of a single dose. These animals were, rather paradoxically, rendered 
paradiabetic after four weeks of treatment, and responded to glucagon and 
growth hormone with a reaction similar to that seen in untreated obese- 
hyperglycemic mice. 

T he hj^pogB^cemic action of carliutamide (BZ-55) and related sul- 
fonjdureas is said to take place onlj'- in the presence of insulin. Several 
h^^potheses have been advanced to explain this effect; carbutamide may 
promote increased insulin secretion or it may potentiate the action of 
insulin, this in turn either at the hepatic level or/and in extrahepatic tis¬ 
sues (1, 2). It has also been suggested that sulfonylureas act by decreasing 
hepatic phosphorylase activity (3, 4). The availability of mice with the 
hereditary obese-hyperglycemic syndrome seemed to offer an opportunity 
to elaborate the mechanism of action of carbutamide. These animals, 
besides showing obesity and a relatively insulin resistant type of hyper- 
gBmemia (5) exhibit an increase in the insulin content of their pancreas (6) 
and an increased hepatic phosphorylase activity (7). Obese-h 3 '’pergl 5 Temic 
mice seem therefore particularly suitable for the testing of hj'’pothesis 
1 elating the effect of carbutamide to the potentiation of insulin or to 
decrease in hepatic phosphorylase activit 3 L It appeared useful to use 
carbutamide both in acute and in chronic treatments on both obese-hjT®!’* 
gB'cemic mice and their normal littermates. 
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MATERIAL AND METHODS 

25 obcse-hyperglycemic and 27 littermates ivere kept in individual cages on ground 
Purina chow. As nearly as possible equal numbers of males and females were used in 
each group. As the duration and development of the hypergl.vcemic may influence the 
response to carbutamide, mice of 2 age ranges were distributed among the groups in the 
proportion of 23 "oung (2 months old) to 1 adult (4 months old) (see Table 1). 

Table 1. ChboiNic tbeat.ment with cabbutamide 


Average dailj' food intake and final weight increase (in percentage from the starting 
values) of obese-hyperglycemic mice and their lean littermates. Comparison between control 
animals and animals treated oralb' with carbutamide. 




Untreated 


Treated with carbutamide 

No. 

Average daib' 
food intake, 
gm. 

Weight 

increase 

No. 

Average daib' 
food intake, 
gm. 

Weight 

increase 

Littermates: 







Young 

9 

5.3 

16 

9 

4,9 

14 

Adult 

4 

5.1 

0 

5 

6,0 

5 

Total 

13 

5.211.4 


14 

5.2±1.4 


Obese: 







Young 

9 

6.3 

35 

9 

5,9 

32 

Adult 

4 

6.5 

16 

3 

6.6 

9 

Total 

13 

6.4 + 1.4 


12 

6.1+1.2 



.4. Chronic experiment 

After a control period of 3 weeks, 12 obese and 14 littermates received carbutamide 
uniformly mi.ved with the ground chow (2.5 gm. carbutamide per Kg. of diet) while the 
remaining (control) animals were maintained on unmodified diet. During the period of 
10 weeks throughout the e.vperiment, the following records and determinations were 
made: 

1. the food intake, once a week (corrected for spilling, which occurred to a larger 
e.xtent in lean littermates than in the obese) 

2. the postprandial weight of each mouse, one to three times a week 

3. the postprandial blood sugar on da 3 's 1, 28, 35, 42, 49, and 70 (approximately at 
10 A.M. ever3’ da30 

4. the fasting blood sugar after 17 hours on da 3 -s 2, 36, and 56. 

In addition, the effects of growth hormone and HGF were studied in the following 
manner: 

Bovine growth hormone (Armour list 916, potency 106%, contamination with ACTH 
less than 6X10“‘U.S.P./mg., with TSH less than 8X10-’ U.S.P./mg. and Prolactin less 
than 10"' i.u./mg.) was dissolved in distilled water, and 1 mg. injected subcutaneous^' 
on the 42nd da 3 '. The blood sugars were checked immediatel 3 - before and 17 hours after 
the injection, on fed animals. 

IKIF (cr 3 ’stalline Lilb' CT 871, with an insulin content of less than 5.10~- u./mg.) 
was dissolved in a phenol solution (pH 2.5) to a final strength of 40 pg.,/ml. lOpg. were 
injected intraperitonealh- in each fed mouse on the 49th da 3 '. The blood sugars were 
determined immediatel}' before and 20 minutes after the injection. 

B. Acute experiment 

The acute effect of carbutamide was studied on the same control and treated animals 
fasted for 17 hours, on the 56th da 3 ' of the chronic experiment. The carbutamide was 
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dissolved in a NaOH solution, pH 8.0 and 12.5 mg. of the sulfonylurea injected subcu- 
taneousl}' into each mouse. The blood sugar was determined before and one hour after 
the injection. 

Blood was collected from the tail vein and determinations were carried out on 0.05 ml. 
samples Iry the method of Somogyi-Nelson (8, 9) (filter 66 for low readings and filter 
54 for high readings). Prior to the sampling, the mice were lightly anesthetized (10 mg. 
nembutal/100 gm. bodj^ weight). 

RESULTS 

A. Chronic experiment 

No trend in intake during the cour.se of tlie expei-iment having been 
discovered, the data in each group of mice were pooled and compared 
(Talrle 1). Carbutamide, when mixed with the food did not modify the 
food intake of obese mice and their littermates, whether young or adult. 
The relative hyperphagia of obese-h 3 fpergIycemic mice (6,4 gm. daily 
instead of 5.2 gm. for the littermates in this series) persisted. The weight 
increases are graphically recorded in Figure 1 and expressed in percentage 
from the starting values in Table 1. Again there was no difference between 
treated and untreated animals. Young obese iD^perglycemic mice gain 


ADULT OBESE 

YOUNG OBESE 


ADULT N0N08ESE 
YOUNG NONOBESE 


20 AO 60 

DAYS 

- UNTREATED• ANIMALS 

-animals' when treated 

WITH CARBUTAMIDE 

Fig. 1. Average weight curves of adult and young obese-hyperglycemic mice and 
their non-obese littermates. After a control period of 3 weeks, half of the animals m 
each group received carbutamide mixed with the chow (2.5 gm. per Kg. of diet) w « e 
the remaining mice were maintained on the unmodified diet. 
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Table 2. Effect of a chronic treatment with carbutajiide on the blood sugar 

LEVELS OF OBESE-HYPERGLYCEMIC MICE AND THEIR LEAN LITTBRMATES 
(Values are given in mg. per 100 ml.) 



Dietary 

status 

Day of 
aNperiinent 

Blood glucose of untreated 
j’oung and adult mice 

Day of 
treatmentf 

Blood glucose of carbutamide- 
treated j’Oung and adult mice 

Young 

(9)* 

Adult 

(4) 

Young and 
adultf 

Young 

(9) 

Adult 

(5) 

Young and 
adultf 


Fed 

' 1 

108 

86 

101 + 23 

_ 

98 

98 

98 + 21 


1 

28 

90 

104 

94 + 16 

7 

109 

113 

110 + 29 



' 35 

125 

131 

127+19 

14 

152 

139 

147 + 42 



42 

108 

113 

112 + 24 

21 

130 

124 

128+19 



49 

94 

95 

94 + 21 

28 

146 

141 

152 + 51^^ 



70 

89 

89 

89 + 21 

49 i 

112 

133 

]20±31'=* 



2 

41 

58 

46 + 39 

_ 

42 

53 

46 + 33 


(17 hrs.) 

36 

53 

82 

62 + 35 

15 

85 

75 

81 + 27 



56 

64 

55 

62 ±21 

35 

92 

84 

89 + 23'*** 




Blood glucose of untreated 


Blood g 

lucose of carbutamide- 


Dietary 

Day of 1 

young and adult mice 

Day of 

j treated young and adult nuce 


status 

experiment j 

Young 

Adult 

Young and 

treatment 

Young 

Adult 

Young and 


1 


(9) 

(4) 

adultf 


(9) 

(3) 

adultf 


Fed 

1 

910 

__ 

_ 

_ 

220 

275 

237 ± 55 



28 

211 

243 

221+ 84 

7 

204 

264 

219+ 75 



35 

231 

195 

220+111 

14 

178 

235 

192+ 96 



42 

245 

192 

229 ± 133 

21 

210 

221 

213+128 



49 

233 

180 

217±118 

28 

207 

150 

197+ 81 



70 

236 

193 

223 + 118 

49 

202 

204 

203 ± 57 


Fasted 

2 

79 

67 

75± 28 

_ 

92 

72 

87+ 51 


(17 hrs.) 

36 

66 

96 

75+ 43 

15 

112 

118 

117+ SI"* 



S6 

25 

33 

28 ± 32 

35 

81 

115 

91 ± 43'*** 


* Numbers in parentheses are numbers of animals. 

t There was no significant diSercnce between the blood sugar levels of young and adult mice. The standard devia¬ 
tions of the average blood levels are therefore only given for the combined data. 

t The animals recei%-ing earbutaraide were treated orally with the drug from the 21st day of the experiment. 

* and differences between treated groups and control groups significant at 5% and 1*7;. levels respectively. 


weight rapidi}’’ in both treated and untreated groups, while the weight of 
the littermates increased slowl}^. 

The chronic oi’al treatment with carbutamide increased the blood sugar 
level of the lean mice (Table 2). After 28 days of treatment this increase 
was significant both in the fed and in the fasting states. After the same 
duration of treatment tlie hyperglj^cemia of obese-hj^perglj^cemic mice 
was not lessened. The slight decrease of postprandial sugar levels was not 
significant. Moreover, the chronic treatment appeared to decrease the 
extent of blood sugar fall resulting from fasting. 

Growth hormone administered to control animals fed a^, libitum de¬ 
creased blood sugar -when it was measured 17 hours after administration 
to mice which did not receive carbutamide (Table 3). This effect was not 
observed on lean animals who had received carbutamide in their diet for 
43 daj^s. In obese-h 3 ^pergl 3 ^cemic mice the slight h 5 "perglj"cemic effect of 
gi'owth hormone (10) was enhanced bj" carbutamide treatment. As ex¬ 
pected (5) the observed h 3 ^pergl 3 ^cemic effect of an intraperitoneal injec¬ 
tion of 10 Mg- of glucagon was greater in the obese than in the lean group 
(Table 3). Carbutamide increased the h 3 'pergl 3 Temic response. This in¬ 
crease was significant in the lean gi’oup, not significant in the obese group. 

B. Acute experiment 

The subcutaneous administration of 12.5 mg. of carbutamide to fasted 




Table 3. Blood glucose levels of OBEsE-HYPERGLYCEsirc aiice and controls untreated or chronically treated with 

CABBUTAMIDE WHEN SUBJECTED TO INJECTION OP GROWTH HORMONE, GLUCAGON AND CARBUTAMIDE 
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lean mice receiving the drug for tJie first time, lowered significantly the 
blood glucose level (Table 3). Animals treated orally for 56 days with car- 
butamide no longer showed this effect. In obese-hyperglycemic mice, not 
previously treated with oral carbutamide there was some inconsistent 
increase in blood glucose after an injection. In chronically treated animals 
there was practically no modification of blood glucose. 

DISCUSSIOX 

The daily consumption of carbutamide during the chronic e.xperiment 
averaged 0.50 gm./Kg. of bodj' weight in the lean animals, and 0.30 
gm./Kg. in the obese. These daily oral doses were approximately equal 
to those given subcutaneously in the acute experiment. Although these 
doses are large on a ratio-to-body-weight basis, when compared with the 
dosages given to human patients, they have no deleterious effects on the 
appetite or on the weight of young and adult animals. 

The acxde adminisiraiion of carbutamide was found to be h 3 -poglycemic 
in fasted lean mice. This is similar to results obtained in normal animals 
of other species. Nevertheless, it was without effect on fasted obese-hyper¬ 
glycemic mice. These mice have hj-pertrophied B cells and a pancreas 
with a liigh insulin content (6). Several authors have indicated their belief 
that insuhn is necessary for the action of carbutamide, the evidence pre¬ 
sented here demonstrates that presence of this hormone in the pancreas 
does not necessaril}' guarantee a successful therapy. However, this observa¬ 
tion does not rule out the hypothesis that carbutamide acts to release insu¬ 
hn from the pancreas. Since it has been shown that the hyperglj'cemia of 
these mice responds onl}' slightlj- to moderate doses of exogenous insulin 
(6), endogenous h 3 'persecretion ma 3 ' also be relative^v ineffective. A more 
hkely alternative is that the pancreas of obese-hypergl 3 'cemic mice already 
produces and releases all the insulin it is capable of so that additional stim¬ 
ulation is without effect. The h 3 ’pogl 3 ’cemia observed in lean mice after 
the first single subcutaneous dose of carbutamide is not observed in the 
group previously subjected to oral treatment with the drug. This suggests 
that some adaptation to the treatment takes place. Indeed the slight 
hyperglycemia induced in chronically treated lean mice, whether fasted 
or fed, shows a reversal of the direction of effect of a single dose. Finally, 
and rather paradoxicall 3 ’', lean mice on the chronic treatment are rendered 
paradiabetic, while the condition of the obese-h 3 'pergl 3 ’cemic remain un¬ 
changed. Lean mice, chronicall 3 ’' treated wdth carbutamide respond to 
glucagon and growth hormone with a reaction similar to that seen in un¬ 
treated obese-h 3 'pergl 3 "cemic mice (5, 10). Chronic administration of car¬ 
butamide enhances the h 3 'pergl 3 ’-cemic response to glucagon, a fact perhaps 
related to increased liver gh^cogen following treatment with sulfonylureas 
(11, 12) (but in apparent contradiction with results obtained in vitro 
(3, 4)). Carbutamide treatment also ehminates in these non-obese mice 
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the h3^pogl3^cemia occurring after growth hormone injection. 

An increased food consumption is not involved in the development of 
this paradiabetic condition in normal mice. An enhanced neoglucogenesis 
seems unlikelj^ since a normal pancreas sliould be able to control the hyper- 
glycemia due to neoglucogenesis. There remains the possibility of de¬ 
creased glucose utilization. In order to explain this decreased glucose utili¬ 
zation, one can hypothesize that a pancreatic exhaustion occurs secondary 
to a period of hyperactivity. An alternative hypothesis is that in mice as in 
rats (13, 14) and in dogs (15) the insulin sensitivity decreases during the 
chronic treatment with carbutamide. 

Comparison of data obtained here in mice with data obtained in other 
animal species indicates that chronic treatment with carbutamide has 
effects which are functions of species, dose and duration of treatment. In 
fasted dogs, the hypoglycemic effect is still observed and the rate of glu¬ 
cose utilization enhanced after several weeks of treatment (15). In fasted 
rats, hypoglycemic effect and improved glucose utilization (13) fade con¬ 
comitantly. After tAvo Aveeks of treatment, the rate of glucose utilization 
is decreased (14), this decrease still persists after 3 months (16). Conflict¬ 
ing results have been obtained in studies of oral glucose tolerance in both 
species subjected to chronic treatment A\dth sulfonylureas (17, 18, 19). It 
noAv appears that the mouse shoAvs yet a different type of reaction: in 
obese-hyperglycemic mice, aa'c observe essentially no improvement of the 
“diabetic” condition; in normal mice there is a sloAvly developing tend¬ 
ency toAAmrd a paradiabetic condition. 

REFERENCES 

], Annals .V. Y. Acad. Sc. Symposium, 71: Article 1, 1957. 

2. Dlsclt. mcd. Wschr. Zuza?n??icnarbcit. 82: 1513. 1957. 

3. Vaughan, !M.; Ann. jV.F. Acad. Sci. 71: Article 1: 112. 1957. 

4. Bkrthet, J., E. W. Sutheulanr anp INI. H. Makman: ilctaholism 5: 76S. 1956. 

5. Shull, K. H. anh J. iMAYiAu; Eiidocrinologij 58: 220. 1956. 

6. AYrln.shall, G. a., S. B. Andru.s and J. IMaa'er: Endocrinology 50: 318. 1952. 

7. Shull, K. H., J. Ashmore and J. Mayer: Arch. Biochcm. and Biophys. 62: 210. 
1956. 

S. SoMOGYi. ]\I.: J. Biol. Chcin. 160: 69. 1945. 

9. Nelson, N.: J. Biol. Chcm. 153: 375. 1944. 

10. Shull, K. H. and ,1. jMaa'er. Endocrinology, 58: 1. 1956. 

11. Miller, AV. L. and AV. E. Dublin; Science. 123: 584. 1956. 

12. Creutzfeldt, AA^ and H. Sutterle: Dlsch. 7ncd. Wschr. 82: 1574, 1957. 

13. Bellens, R., R. De Meutter and V. Conard: C. R. Soc. Biol. 150: 1630. 1950. 

14. De Meutter, R., R. Bellens and V. Conard. C. R. Soc. Biol. ISO: 1800.1956. 

15. Christophe, .1. AND A'". Conard. Ann. Endocrinologie 18: 1046. 1957. 

16. Conard, A^, J. Christophe, R. Bellens, J. C. Demanet and P. A. Bastenie: 
Acta Endocrinologica 25: 303. 1957. 

17. Holt, C. v., J. Kracht and L. v. Holt; Schxvciz Mcd. Wschr. 86: 1123. 1956. 

18. Bander, A., A. Haussler and J. Scholz: Dlsch. j\Ied. Tl'*sc/ir. 82:1557.1957. 

19. Mohnike, G, von: Dlsch, med. Wschr. 82: 1576. 1957. 



INFLUENCE OF GONADAL HORMONES ON THE 
METABOLISM OF CORTISONE 


ROBERT C. TROOP 

Division of Pharmacology, University of Tennessee Medical Units, Memphis, Tennessee 

ABSTRACT 

Liver homogenates from adult male rats reduced the 17,21-dihydroxy-20- 
ketone sidechain of cortisone more rapidly than did similar preparations from 
female rats. Conversely, the female preparation metabolized the a4-3 ketone 
group at a faster rate than did the male. The ratio A-ring reduction/sidechain 
reduction for the female is 3.4; for the male it is 0.88. The sex difference in the 
metabolism of the sidechain of cortisone is not present in rats j’ounger than 
about 25 da3's of age but becomes crddent bj' the time tlie animals are 30 daj's 
old. Gonadectomj" and injections of estradiol-1 "jS and testosterone indicate 
that the male hormone promotes the abilitj- of the liver to reduce the sidechain 
of cortisone while the female hormone has an inhibitory effect. 

I N THE course of the metabolism of adrenocortical hormones reduction 
of the C-20 and ^4-3 ketone groups is known to occur. These reactions 
occur in man (1) and in various laboratoiy animals; can be demonstrated 
both in the intact animal and in liver slices, homogenates and subcellular 
fractions (2, 3, 4, 5). Enzymes involved in these conversions have been 
characterized as to intracellular localization (5), substrate specificit)’" (3, 
4), and cofactor requirements (5, 6, 7). The effects of various endocrine 
factors on the reduction of the A-i-ing and sidechain of adrenocortical 
steroids have been studied. Brown and co-workers (S) have reported pre¬ 
treatment of rats with cortisone or triiodothyronine increases the ability 
of liver slices to metabolize hj’^drocortisone while hypophysectomy or 
thyroidectomy reduces the rate of metabolism. Likewise, Yates et al. 
(9) and McGuire (10) have found thyroid hormones to increase the rate of 
reduction in ring A of adrenocortical steroids bj' liver slices and homog¬ 
enates. This paper reports effects of gonadal hormones on the enzjmre 
systems of the liver responsible for reduction of the C-20 and ^4-3 ketone 
groups of cortisone. A preliminarj^ report on this subject has appeared (11). 

METHOnS 

Rats from the Holtzman strain were used throughout this studj-. The selected rat 
was killed bj- cervical section and exsanguinated. A portion of the liver was rapidly e.x- 
eised, chilled and homogenized in 0.25 M sucrose made 0.04 .V with nicotinamide. 
Homogenization was performed at 0° C in a Potter homogenizer with a Teflon pestle. 
Four ml. of whole homogenate containing 200 mg. tissue were incubated with ISO pg 
of cortisone added in 0.1 ml. ethanol. Incubation was for 2 hours at 37° C in an atmos- 
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phere of nitrogen. The pH was maintained at 7.4 with 0.1 ml. of molar potassium phos¬ 
phate buffer. The TPN system consisted of 0.01 ml. of 0.3 M manganese chloride, 0.1 
ml. of 0.2 M sodium isocitrate and 0.4 ml. of lO'"* 31 TPN. The addition of isocitric 
dehyrogcnase was found to be unnecessary for maximal TPN effect. However, it is 
noted that whole homogenates were used in these experiments and endogenous iso- 
citric dehydrogenase was doubtlessly present in the system. 

Following incubation the homogenate was extracted with 20 ml. chloroform. The 
chloroform lajmr was washed with 0.1 N NaOH and O.IN HCl and a 1 ml. aliquot evapo¬ 
rated to dryness. Alteration of the sidechain of cortisone was followed bj' the Porter- 
Silber reaction (12) after the dry residue had been taken up in 1 ml. of methanol. Re¬ 
duction of the 3-keto —a4 function in ring A was determined by adding 4 ml. of methy¬ 
lene chloride to the dried aliquot and reading the resulting solution in a Beckman DIJ 
spectrophotometer at 240 mg. In each experiment a duplicate, unincubated control 
flask was prepared, to which chloroform was added immediately after the addition of 
cortisone. The data were anal 3 'zed bj' the small sample t test and mean differences were 
considered significant if the value of P was 0.01 or less. 

RESULTS 

The results iiresented in Table 1 indicate tliat liver homogenates from 
adult male rats reduce the sidechain of cortisone at a faster rate than do 
the corresponding preparations from female rats. Addition of the TPN 
system produced an increased rate of cortisone reduction by botli male and 
female preparations. The increase was relatively greater with female liver 
but the marked sex difference is still apparent. The disappearance rates 
of the ^4r-3 ketone position of cortisone, incubated in the presence and 
absence of the TPN system, are also shown in Table 1. In this instance 
the situation is the reverse of that seen with respect to sidechain metabo¬ 
lism in that the female reduces the A-ring more rapidly than does the male. 
This is apparent Avliether or not TPN is added to the sj^stem. 

Various experiments were performed to elucidate further the nature of 
the oliserved sex difference in the metabolism of cortisone. Information on 
A-ring changes is still incomplete and for this reason only observations on 


Table 1. The metabolis.m of cortisone bv liver iiojiogexates as measured by the 
P oRTER-SlLBER REACTION AND ULTRA-VIOLET ABSORl'TION AT 240 ThE SEX 
DIFFERENCE AND EFFECT OF TPN ARE SUOWN 





Micrograms of cortisone lost 


E 240 
mn/Porter- 
Silber with 
added TPN 
sj’stem 


No. 

Poi’ter-Silber reaction 

E 240 

mp 


of 

animals 

Without 

added 

TPN 

system 

With 

added 

TPN 

S3'stem 

Without 

added 

TPN 

sj'stcm 

With 

added 

TPN 

sj'stem 

Norm.il m.'iles 
(300-350 gm.) 

17 

72 ±2 

104+5 

41 +5 

92+2 

0.88 

Normal females 
(220-240 gm.) 

IG 

12+2 

32+2 

60+3 

109+2 

3.4 


Results in this and in the following table are given as means ±S.E. 
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Table 2. The effect or go.vadectomv axd of goxadal hohmoxes oa' the rate op 
REBHCTION OF THE 17-2l-DIHA'DROXV-20-KETON-E SIDECHAIX OF CORTISONE BA’ 
LIVER HOMOGENATES. ThE TPN SYSTEM AVAS NOT ACHED 


Group 

Xo. 


No. of 
animals 

Micrograms 
cortisone lost 

1 

Castrated males 

6 

45 + 5 

2 

Estradiol treated males 

6 

19+2 

3 

Castrated males treated with estradiol 

6 

16 + 2 

4 

Ovariectomized females 

7 

25+4 

5 

Testosterone treated females 

6 

30+6 


side chain reduction are presented in Table 2. The animals represented in 
this table were similar in age and weight to the normal rats of Table 1 
and direct comparisons can be made. The operated male animals were 
castrated 15 days prior to remoA'al of the Ih^er for study. The females were 
ovariectomized 20 daj'S before study. Gonadectomy is seen to haA'^e a 
marked effect on both the male and female but in opposite directions, i.e.,. 
gonadectomj^ decreases the rate of cortisone reduction in the male and 
increases the rate in the female. The male rats in Groups 2 and 3 of Table 
2 were treated lA-ith estradiol-17d, 60 /ig./daj- subcutaneously for 12 days. 
Cortisone metabolism is obviously depressed in these preparations. 

100 }- 


80 


80 


40 


{-•fhmalesj 

{• WALES) 


20 


20 


40 


60 100 IZO *40 

AGE (OATS) 


Fig. 1. Influence of age and sex on the metabolism of cortisone b}' Uver homogenates. 
Cortisone was measured by the Porter-Siber reaction. The TPN system was not added. 
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Testosterone promotes the ability of liver tissue from female rats to reduce 
the sidechain of cortisone. This is shown in Group 5 of Table 2. These 
animals were given 2.5 mg. testosterone propionate per day for 15 days 
intramuscularly. 

It was of interest to determine the age at which male and female rats 
first begin to metabolize cortisone differently. Figure 1 indicates no dif¬ 
ference during the first 20 days of postnatal life. However, by 30 days of 
age the values for the two sexes are clearly divergent due to a sharp increase 
in the activity of male liver and a moderate decrease in that of female liver. 
The male appears to reach a peak value at about 50 to 60 days of age and to 
graduall}'’ decline thereafter. 

DISCUSSION 

The studies presented indicate that homogenates prepared from the 
liver of male and female rats metabolize the sidechain and A-ring of corti¬ 
sone in a quantitatively different manner. The male reduces the sidechain 
more rapidly than does the female who, in turn, reduces the A-ring at a 
greater rate than does the male. This is in line with the observation of 
Yates and coworkers (9) that liver slices from female rats have a greater 
capacity for reducing the A-ring of cortisone than do slices from male rats. 
It is also of interest to note that the female rat metabolizes the A-ring to a 
greater extent than the sidechain (Table 1) while the male more nearly re¬ 
duces these sites on the molecule to the same extent. This is especially the 
case in the presence of TPN. The ratio A-ring reduction/sidechain reduc¬ 
tion for the female is 3.4; for the male it is 0.88. 

The action of triphosphopyridine nucleotide in accelerating the rate of 
reduction of the sidechain and A-ring (Table 1) is in agreement with much 
previous work (4,6,7,8). Glenn and coworkers (13) working with the micro- 
some-supernatant fraction of rat liver, have observed that the C-20 ketone 
group is metabolized faster than the ^4-3 ketone function of hydrocorti¬ 
sone. However, alterations in substrate and cofactor composition were 
stated to be capable of reversing this process. Sex of the animals studied 
was not given and in view of the present findings this may be an important 
factor. 

That the sex difference in the metabolism of the sidechain of cortisone is 
dependent upon gonadal secretions is clearly indicated by the data in Table 
2, the male hormone tending to increase and the female hormone tending 
to decrease the rate of reduction. These effects are further pointed up in 
Figure 1 with the marked sex difference becoming apparent at about the 
time significant endocrine activity of the gonads would be expected. 

REFERENCES 

1. Fukushima, D. K., N. S. Leeds, H. L. Bradlow, T. H. Kritchevsky, M. B- 

Stoken and T. F. Gallagher; J. Biol. Chem. 212: 449. 1955. 



May, 1959 


METABOLISM OF CORTISONE 


675 


2. Bdkstein, S., and R. I. Dorfman: J. Biol. Chem. 213: 581. 1955. 

3. Hubener, H. J., D. K. Fdkushima and T. F. Gallagher; J. Biol. Chem. 220: 
449. 1956. 

4. Tomkins, G. M.: J. Biol. Chem. 225: 13. 1957. 

5. Regknagel, R. 0. AND E. M. Glen: Proc. Soc. Exp. Biol, and Med.: 89:156.1955. 

6. Regknagel, R. 0.: J. Biol. Chem. 227: 273. 1957. 

7. IssELBACHER, K. J. AND G. ToMPKjNs: J. Am. Chem. Soc. 76: 3100. 1954. 

8. Brown, J. H. U., A. Anason and J. Jacobs: Am. J. Physiol. 190: 259. 1957. 

9. Yates, F. E., J. Urqdhart and A. L. Herbst: Fed. Proc. 17: 174. 1958. 

10. McGuire, J. S.: Fed. Proc. 17: 272. 1958. 

11. Troop, R. C.: Fed. Proc. 17: 415. 1958. 

12. Porter, C. C. and R. H. Silber; J. Biol. Chem. 185: 201. 1950. 

13. Glenn, E. M., R. 0. Stafford, S. C. Lyster and B. J. Bowman: Endocrinology 61 : 
128. 1957. 



THE EFFECT OF ANTERIOR HYPOPHYSEAL 
ADMINISTRATION ON THE OVARIES 
OF OLD RATS' 


ETHEL BURACK and J. M. WOLFE 

Department of Anatomy, Albany Afcdical College of Union University, 

Albany, Neio York 

ABS'I'RACT 

Following the removal of the left (control) ovaries, groups of immature, 
young adult and old rats received iiomologous anterior lobe implants daily for 
10 days; the right (stimulated) ovaries were obtained at autopsy. The ovaries 
were examined in serial sections for the numbers and sizes of corpora lutea and 
follicles, and for the presence of “wheel cells” in the interstitial tissue. 

The ovaries of tlie old rats showed a variable response (increase in weight 
and an increase in the number and size of follicles and of corpora lutea) to an¬ 
terior lobe implants, but for the group as a whole, there were statistically no 
significant differences Irctwecn the “control” and “stimulated” ovaries for the 
weights of the organs or the numbers of corpora lutea, and only borderline 
significance for the number of follicles. However, increase in the size of the 
follicles and corpora lutea in the stimulated ovaries was more pronounced and 
the differences, as measured by the mean diameter of these structures, showed 
a Jiigh degree of statistical significance. Wheel cells were present in 75% of the 
“control” ovaries and in only 29% of the “stimulated” ovaries. The reaction 
of the “stimulated” ovaries of the immature and 3 ’oung adult rats to anterior 
lobe administration was much more pronounced and relatively more constant 
than that which occurred in the old rats. 

T he primaiy cause of ovarian regression which is associated with ag¬ 
ing has not l)een definitel}' established, altliough waning anterior 
hypophj^seal activit}' and a decreased capacitj’' of the ovary to respond to 
stimulation the anterior lobe have both been suggested. In old anestroiis 
mice it has been found that a single implant of anterior lobe tissue induced 
an increase in weight of the ovaries accompanied by a growth of follicles, 
formation of corpora lutea and estrus (1, 2, 3). Following the administra¬ 
tion of either anterior lobe tissue or urinary gonadotrophin, Weisner (4) 
noted essentiall}" the same reaction in aged rats and expressed the view 
that the regression of the gonads was due to the lack of a specific stimulat¬ 
ing factor. In contrast, in studies in which women of various ages received 
either pregnant mare serum (PIMS) or an extract of castrate urine, AVatson, 
Smith and Kurzrok (5) concluded that the causal factors in ovarian regres¬ 
sion were inherent in the ovarj'^ itself and that this organ became refractive 
to gonadotrophic stimulation, a view also held bj’^ Masters (6). 

Received July 18, 1958. 
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More recently Ortiz (7) found, correlated with increasing age, a small 
and gradual decrease of the response of the ovaries of hamsters to PMS, 
although the ovaries of old animals were still quite reactive. Finalljq in 
mice ranging in age from 3 to 19 months, Green (8) reported that Pi\IS in¬ 
duced a pronounced and fairly uniform increment in ovarian weight up to 
the age of 15 months; in increasing!}'- old animals the response progressively 
decreased. 

In studies (9,10) pertinent to the present investigation it was found that, 
correlated with advancing age, the ovaries of rats were characterized by a 
progressive decrease in the number of normal follicles and corpora lutea, an 
increase in follicular atresia, and evidence of a partial failure of ovulation. 
In many animals, “wheel” or “deficiency” cells similar to those first de¬ 
scribed in the ovaries of hypophysectomized rats (11) appeared. Both a 
deficiency of anterior lobe stimulation and the incapacity of the ovary to 
respond to such stimulation have been suggested as causal in the appear¬ 
ance of these cells in old rats (9, 12). The present communication is con¬ 
cerned with the comparative responses of the ovaries of relatively old and 
relativel}’- young female rats to anterior lobe administration. 

MATERIALS AND METHODS 

Female rats between the ages of 22 and 32 months and groups of immature (approxi¬ 
mately 30 daj's old) and young adult rats (approximately 90 da 5 's old) received anterior 
lobe implants. Routinel}-, the left (control) ovary of each animal was removed; the 
animals then received 10 daily intramuscular implants of a fresh anterior lobe from a 
normal adult male rat. The animals were killed 48 hours after receiving the last implant, 
and the right (stimulated) ovary and the remainder of the reproductive tract were 
removed. All tissues were fixed in Bouin’s fluid, embedded in paraffin, and stained with 
hematoxylin and eosin. Serial sections of the ovaries and representative sections of 
uteri and vaginae were studied. 

The ovaries were examined by the quantitative methods described by Wolfe (9) 
The follicles and corpora lutea in each ovarj' were counted; their sizes were determined 
by taking the average of their two greatest diameters. Onl}- follicles with a mean di¬ 
ameter of at least 0.3 mm. and corpora lutea with an average diameter of at least 0.5 
mm. were included in the counts; follicles with an average diameter of 0.9 mm. or 
more were regarded as cystic. 

In the ovaries of old rats, where relatively small numbers of follicles were present, 
the normal, atretic, and cj’stic follicles were counted separately; unless specifically 
noted, however, they will be considered below as a single group. In the younger rats, 
the stimulated ovaries contained so many follicles that it was impractical to count the 
three types separately. Since it was not feasible to measure the sizes of all the follicles 
and corpora lutea in the j'oung animals, random sampling was used, in each case ade¬ 
quate in number to assure a statistically reliable average. 

RESULTS 

A statistical anal 5 'sis of the over-all differences between the various re¬ 
sponses to anterior lobe stimulation, such as weights, number and size of 
follicles and corpora lutea, of the conti'ol and stimulated ovaries of the old 
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Table 1. The eiitects of implantation of anteuioh lobes on ovaries of old rats 


Number of Rats =28 



Control 

Stimu¬ 

lated 

Standard Mean l-i\Iean 2 

(SD) 

SD 

Mean weights of ovaries (mg.) 

3G±4 

44 +3 

5.7 

1.4 

Mean number of follicles per ovary 

9±.fl 

12 + 1 

1.4 

2.1 

Mean diameter of follicles (mm.) 

.55+ .03 

.72+ .01 

.03 

5.0 

Ovaries with cystic follicles 

43% 

89% 

— 


Ovaries with corpora lutea 

70% 

80% 

__ 

_ 

Mean number of corpora lutea per ovary 

0 + .7 

8 + 1 

1.2 

1.8 

Mean diameter of corpora lutea (mm.) 

.01±.05 ] 

1.13+ .04 

.05 

4 4 

Ovaries with direct lutcinization 

10% 

50% 

_ 

■ ■ 

Ovaries with “wheel” cells 

75% 

20% 

— 

— 


rats and of the j^ounger animals is presented in Tables 1 and 2. The last 
column of these tables gives the significance ratio; a ratio between 2 and 
2.5 is about 95% significant. Certain of these responses, or quantitative 
differences in the responses between the control and stimulated ovaries of 
individual rats, are indicated in Figures 1 and 2. 

Reference to Table 1 will indicate that while in the old rats the mean 
weight of the stimulated ovaries was increased, the degree of the increase 
was not statistical!}’’ significant. Furthermore, the responses among the 
individual rats were quite variable; in 19 rats the stimulated ovaries were 
heavier to varying degrees than the controls, but in 7 instances the stimu¬ 
lated ovaries actually weighed less than the controls, and in two rats there 
was no change (Fig. 1). 

The mean number of follicles per ovaiy was slightly and barely signifi¬ 
cantly increased in the stimulated ovaries (Table 1), Irut again examination 
of data from individual rats indicates that the responses varied widely 
(Fig. 1). In direct contrast, the average size of the follicles was pronounc- 


Table 2. The effects of implantation of anterior lobe tissue on the ovaries 

or IMMATURE AND YOUNG ADULT RATS 




Immature rats 

No.=n 



YounK adult rats 
No. =8 



Control 

Stimulated 

Stand¬ 

ard 

error 

Ml-Ms* 

Control 

Stimulated 


JIi-JIi* 


Ovary 

Ovary 

SD 

Ovary 

Ovary 


SD 

Mean weiKhts of ovaries (iiiR.) 

14± .6 

I0G±14 

14 

6.5 

49 + 2 

168 + 24 

24 

5 

Mean number of follicles per 
ovary 

17±1.7 

52 ±10 

10 

3.5 

29±3.9 

71±15.6 

15.8 

2.7 

Mean diameter of follicles (mm.) 

.39± .02 

.60± .02 

.02 

10.5 

.46+ .03 

.69+ .05 

.05 

4.6 

Ovaries with cystic follicles 

0% 

67% 

— 

— 

0% 

100% 

— 

__ 

Ovaries with corpora lutea 

0% 

100% 

— 

— 

100% 

100% 

— 


Mean number of corpora lutea 
per ovary 

0 

17±2.8 

— 

— 

15±1.4 

21+3.2 

4.2 

1.4 

Mean diameter of corpora lutea 
(mm.) 

0 

1.18± .00 

— 

— 

.88± .04 

1.26± .06 

.07 

5.4 

Ovaries with direct luteinijation 

0% 

67% 

— 

— 

0% 

50% 

— 

— 


* M =mean, SD =Standard error. 
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edly increased after anterior lobe administration, the increase being highly 
significant (Table 1). Cystic follicles also occurred much more frequently 
in the stimulated ovaries (Table 1). However, the increased size of the 
follicles in the stimulated ovaries was not entirely due to the increased 
occurrence of cystic follicles, for when the normal follicles were considered 
alone, it was found that they were significantly increased in mean diameter. 

The mean number of corpora lutea in the stimulated oA’-aries was slightly 
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Fi(3. 1 . The number of corpora lutea, the number of follicles and the weights, in mg., of 
the control and stimulated ovaries of the old rats are indicated by the three rows of bars 
which are arranged so that these three responses from a single animal are directly in 
line, one above the other. Control ovaries are represented by open bars, stimulated 
ovaries by solid bars. The very low bars cutting the base line in the first row indicate 
that no measurable corpora lutea were present. Also indicated at the bottom of tlie 
figure are the presence or absence of wheel cells in the individual ovaries. 
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greater than that in the controls, but the increase Avas statistically insignifi¬ 
cant (Table 1), and it will be noted in Figure 1 that an increase actually 
occurred in only 16 rats; in the remainder there was either a decrease or no 
change. However, as in the case of the follicles, the corpora lutea were 
found in stimulated ovaries to be on the average significantly larger than 
those of the controls (Table 1). In many ovaries, histological examination 
revealed that numerous corpora lutea had formed by direct luteinization, 
as entrapped ova Avere found; the number of ovaries containing corpora 
lutea formed in this fashion AAms markedly.increased in the stimulated 
ovaries (Table 1). 




n 


IMMATURE 




OLD AGE GROUP 


Fig. 2. The heights of the pairs of bars represent actual differences in the weights 
in milligrams (open bars) and in the number of follicles (solid bars) between the control 
and stimulated OAmrics of individual rats. Negative differences (i.e., when a contro 
OAmry was heavier than the stimulated) lie below" the base line, positir^e differences 
abo\"e. The very low bars cutting the base line indicate that no differences occurre 
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Seventy-five per cent of the control ovaries contained wheel cells in the 
interstitial tissue, while such cells occurred in only 29% of the stimulated 
ovaries (Table 1). The absence or the presence of these cells in the control 
and stimulated ovaries of individual rats is indicated in Figure 1. 

A statistical analysis of the over-all response of the ovaries of the imma¬ 
ture and young adult rats to anterior lobe treatment is presented in Table 
2. In general, the reaction was much more pronounced and much less varia¬ 
ble than that in the old rats. The stimulated ovaries of both groups of the 
younger rats were significantly heavier than the control ovaries (Table 2). 
In Figure 2, where the difference between the weights of the control and 
stimulated ovaries of each rat is recorded, both the increased response of 
the younger rats and the lesser variabilit}'- are quite clear. 

The numbers of follicles were significant^ increased in the stimulated 
ovaries of both groups of younger rats (Table 2). AVhile the degree of such 
increase varied among the individual rats, the consistency of increased pro¬ 
duction of follicles in ever}-^ ovaiy stimulated by anterior lobe tissue is 
evident from the fact that no columns are seen below the zero line (Fig. 2, 
upper row). Furthermore, the over-all response greatly exceeded that 
which occurred in the old animals, where the increase in the mean number 
of follicles was of only slight significance (Table 1) and actually occurred 
in only 19 of the 28 stimulated ovaries (Fig. 1). 

The mean diameter of the follicles in the stimulated ovaries of both 
groups of young rats was significantly increased (Table 2), and there was a 
pronounced increase in the numbers of c 3 '-stic follicles (Table 2), reactions 
which also occurred in the stimulated ovaries of the old rats. 

In the jmung adult rats, it was found that the mean number of corpora 
lutea was not significantlj'^ increased after anterior lobe administration but 
that significant increase in size did occur (Table 2). In addition, increased 
numbers of luteinized follicles were found in the stimulated ovaries. In 
these responses, the old and the young adult animals responded similarly 
(compare Table 1 with Table 2). 

The question arises whether there were consistent correlations between 
the various responses to anterior lobe administration in the individual rats. 
In both the immature and young adult rats such correlations were fairly 
consistent. As an example, it is shown in Figure 2 that the increase in 
weight of the individual stimulated ovary was invariably accompanied by 
an increase in the number of follicles in the same ovary. In the immature 
rats the increase in ovarian weight was accompanied by an increase in the 
number of corpora lutea; in the jmung adult rats, however, an increase in 
the number of corpora lutea failed to occur in three of the stimulated ova¬ 
ries. In the ovaries of the old rats, there was no consistencj^ among the 
various responses. An example of this finding is presented. Among the 19 
old rats where the stimulated ovaiy was larger than the control, there was 
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an increase in the number of follicles in 12 instances (Figs. 1,2), disappear¬ 
ance of wheel cells in 9, and an increase in number of corpora lutea in 12 
(Fig. 1). However, of the 9 rats in which the stimulated ovary either was no 
heavier or actually weighed less than the control, there was also an increase 
in the number of follicles in 7 rats (Figs. 1, 2), disappearance of wheel cells 
in 3, and an increase in the number of corpora lutea in 5 rats (Fig. 1). 

In the‘above anal 3 ^sis the weight increase or lack of weight increase was 
used as a point of reference with which the other responses Avere compared. 
In a further analysis of the data presented in Figure 1, an increase or lack 
of increase in the number of follicles, an increase or lack of increase in the 
number of corpora lutea, and the disappearance or persistence of wheel 
cells in the stimulated ovaries w'ere successivelj’^ used as the base of refer¬ 
ence. Again, a similar lack of consi.stencj’^ between the various responses 
■was noted in all of these comparisons. 

Testis-like tubules seemingl}’- identical to those described by Engle and 
others (13, 14, 15, 16) wmre present in the ovaries of all of the old rats. Al¬ 
though not subjected to quantitative analysis, the tubules appeared to be 
equall}' abundant in the control and stimulated ovaries; thus, there was no 
evidence to indicate that thej" w'ere affected by the anterior lobe adminis¬ 
tration. These tubules were not found in the immature animals, but a few 
occurred in the ovaries (both control and stimulated) of three of the young 
adult rats. Tire present findings, therefore, suggest that their appearance 
in the ovary of the rat is a manifestation of advancing age; this relationship 
is at present receiving further attention. 

In the region of the hilum, the ovaries of 4 of the old rats contained large 
papillary intracystic proliferations resembling the papillaiy cystadenomata 
illustrated Irj^ Aloon and his associates (15). AVhether these are structural 
changes related to aging is open to further consideration. 

DISCUSSION 

The fact that the ovaries of most old rats are capable of responding to 
the administration of anterior lobe tissue would support the view that ovar¬ 
ian regression in aged rats is due to reduced activit}'’ of the anterior lobe. 
Ho'wever, the lesser intensity of the response as compared to that found in 
3 munger rats, and the pronounced variability of the response, strongly sug¬ 
gest that the development of a refractoiy state in the ovaiy is an important 
factor in the decrease and in the final termination of gonadal activity in old 
female rats. The degree of response to stimulation shoivn b}’^ the ovaries of 
old rats varies wnthin wide limits. 

Unpublished studies 'which have been carried out in this laboratory have 
a bearing on this problem. Ovaries were exchanged beUveen pairs of rats, 
one jmung and one old, bj'^ reciprocal transplantation into the kidneys, 
was found, on the basis of observations on the estrous cjmle and subsequen 
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histologic examination of the transplant, that the transplantation of 
“young” ovaries in old rats was much more successful than the transplan¬ 
tation of “old” ovaries in young hosts. Thus, the factors determining the 
survival and function of the graft seemed to be predominantlj’^ inherent in 
the ovary itself. It should be noted, hoAvever, that Li and Gardner (17) 
have found that the ovaries of old mice developed tumors when trans¬ 
planted into the spleen or the pancreas of young animals, and that they 
seemed to be just as capable of forming tumors under these conditions as 
did the ovaries of young mice. However, these two sets of experiments are 
not comparable, since the latter authors were determining the capacity of 
the ovary for atypical growth rather than its capacity for maintenance of 
normal structure and function. 

Although the present studies strongly suggest that the ovaries of old rats 
become less responsive to stimulation by the anterior hypophysis, it is pos¬ 
sible that lessened ovarian reactivity is not the only factor involved. Thus 
it has been reported (9) that correlated with advancing age in the female 
rat there is evidence of a decrease of secretory activit}’' in the anterior lobe 
cells, and certainly, since ovarian and anterior lobe activity are so inti¬ 
mately linked, it is not unreasonable to assume that aging changes in the 
anterior lobe are concerned in ovarian regression. In her appraisal of this 
problem in hamsters, Ortiz (7) concludes that reproductive involution is 
not due to a complete loss of function on the part of the anterior lobe or to 
a refractive state of the ovary but rather to a decrease in the functional 
activities of many organs leading to an endocrine imbalance. 

SUMMARY 

The ovaries of aged, immature and young adult rats, before and after 
administration of homologous anterior lobe implants, were studied in serial 
sections. 

The ovaries of the old rats responded to anterior lobe implants, but the 
degree of the response was reduced and the response was much more varia¬ 
ble than that of the ovaries of younger rats. 

The “stimulated” ovaries of the old rats were not significantlj’’ increased 
in weight, nor were the numbers of corpora lutea significantly increased. An 
increase in the numbers of follicles occuri-ed, which was barelj' significant. 
In contrast, the mean size of the follicles was pronouncedly and signifi¬ 
cantly increased. The corpora lutea likewise were significantly increased in 
size. The ovaries of the immature and young adult rats responded more in¬ 
tensely to anterior lobe treatment. The increase which occurred in the 
weights of the ovaries and the increases in the number and size of the 
follicles were statistical!}^ significant. In the young adult group, the corpora 
lutea were significantly increased in size but not in number. 

“Wheel” cells rvere present in 75% of the control oA^aries of the old rats. 
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but were found in only 29% of the stimulated ovaries. Anterior lobe admin¬ 
istration induced the formation of many cystic follicles and pronounced 
direct luteinization in the ovaries of both the young and old rats. 

Comparison of the various categories of response by the stimulated 
ovary of each rat demonstrated a relatively consistent positive correlation 
in the immature and young adult rats, i.e., a positive response in one cate¬ 
gory was generally accompanied by other structural evidences of stimu¬ 
lation. Such positive correlations of responses were not evident in the old 
rats. 
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THYROID HORMONE ADMINISTRATION AND OVARIAN 
AND ADRENAL ACTIVITY IN RATS BEARING 
HYPOTHALAMIC LESIONS' 
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Philadelphia, Pennsylvania 

ABSTRACT 

Bilaterally symmetrical electrolytic lesions which damaged arcuate nucleus 
and median eminence in the hypothalamus of adult female rats regularly pro¬ 
duced atrophy of the reproductive tract (and reduced th 3 U’oid function) but 
were without consistent effect on adrenal morphology. Hj'pothalamic obesity 
and genital hj’^poplasia were frequentty associated. Thj'roxine and triiodothj’-- 
ronine administration to intact animals induced ovarian and uterine hj’-pertro- 
phy as well as adrenal enlargement. Similar treatment in operated rats failed 
to reverse the gonadal atrophy but did not interfere with the adrenal hyper¬ 
trophy. A differential response was also found in rats made severely hypo¬ 
thyroid with propjdthiouracil prior to hypothalamic destruction. Ovarian 
atrophy without concomitant change in adrenal cortex occurred following 
placing of lesions and goitrogen withdrawal. Evidences of adreno-cortical acti¬ 
vation were seen in rats with diabetes insipidus (lesion-induced) and in chroni¬ 
cally starved animals with marked hypothalamic deficit. The results signify 
that basal adenohypophj^sial ACTH secretion can be enhanced by chronic 
stress despite arcuate-median eminence lesions and that some aspects of thyro- 
ovarian interaction maj^ be mediated through a hypothalamic-hypophj’sial 
component. 

A FUNDAMENTAL role of the hypothalamus in the regulation of pitu¬ 
itary trophic hormone function has been securely established although 
pressing questions remain unanswered (1,2). The ph 3 ’^siological anatomy 
underljdng hypothalaraic-hypophj'^sial mechanisms is still obscure and the 
degree of anterior pituitary hormone secretion which escapes a central 
mechanism has not been preciselj’' assessed. There is much evidence which 
suggests that in the rodent the dependencj’- of pituitary-thyroid, adrenal, 
and gonadal systems on the hypothalamus differs markedlj'. A succession of 
recent experiments on the rat has brought into clearer focus the role of the 
hypothalamus in pituitarj’^-thju’oid interpla 5 ^ It has been shown that ante¬ 
rior hj'pothalamic lesions selectivelj’- interfere with adenohj^pophysial TSH 
secretion under either augmented (3-9) or normal demand conditions (8, 
10), and that as a consequence thju’oid function is reduced. The residuum 
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of TSH function in the adenohypophysis after hypothalamic deficit is 
nevertheless appreciable and the pituitary-thyroid servomechanism re¬ 
mains operative (11, 12). The disturbances which ensue in the genital 
system after hypothalamic damage are marked; loss of reproductive 
rhythm with or without gonadal atrophy is frequently observed (13-23). 
Differential control of tlie various pituitary gonadotrophins by the hypo¬ 
thalamus is still a matter of conjecture however. In contrast to the gonad, 
the morphologic consequences to the adrenal from destruction of the hypo¬ 
thalamus are relatively mild (24) although functional impairment of the 
adrenal cortex is known to exist (25-28). The relative importance of the 
hypothalamus in ACTH regulation under circumstances of acute versus 
chronic stress has not been accurately defined. Another unresolved point 
concerns the locus of adreno-cortical steroid inhibition in the feedback 
mechanism. 

In view of the established importance of the thyroid gland in facilitating 
certain phases of reproductive activity (29, 30) and influencing adreno¬ 
cortical physiology (31), the possibility cannot be discounted that some of 
the histo-physiologic changes in ovary and adrenal of animals with hypo¬ 
thalamic lesions are non-specific consequences of lowered thyroid hormone 
levels. In a previous study (11) the effect of exogenous thyroid hormone on 
the hypothalamic-hypophysial-thyroid system of lesioned rats was ana¬ 
lyzed in detail, with incidental observations made also on the other endo¬ 
crine glands. The present investigation is an extension of this basic study 
and will be concerned primaril}' with the response of the adrenal and ovary 
to experimental manipulation of endogenous and exogenous thyroid hor¬ 
mone levels in the operated rat. 

MATERIALS AND METHODS 

The bilaterally symmetrical lesions were produced in the hypothalami of adult fe¬ 
male albino rats by conventional stereotaxic methods (11, 12). The tip of the coagulat¬ 
ing electrode was placed G mm. anterior to the external auditory meatus and .5 mm. 
on either side of the sagittal suture, with electrode placement varied in the vertical 
dimension (.5-1.5 mm. from skull base). A direct current of 2 milliamperes for 20 sec¬ 
onds duration was used. All rats received tap water and a ration of Purina dog checkers 
ad libitum. Operated rats were allowed to recover for at least 10 days before utilized 
in further experiments. Lesion localization was determined microscopicallj’ on Weil and 
toluidine blue stained coronal sections (12 micra) through the diencephalic area of forma¬ 
lin fixed brains. At various time intervals postopcrativelj', water intake and urine 
output were measured over a 72-hour period in rats maintained individually in special 
metabolic cages. The effects of varying the thyroid hormone level on the endocrine 
system of operated rats was tested in two major experiments. In the first, rats acre 
treated postoperativcly with various dose levels of sodium-/ triiodoth 3 Tonine (.4, 2 an 
20 pg.) and sodium-/ thyroxine (10 pg.) made up in 0.9% NaCl (pH. 8.5). The hor 
mones were administered in constant volume (.5 ml.) by daifi' subcutaneous injections 
throughout the last two weeks of the post-lesioning period (24-70 days). In the secow 
experiment, rats were made severely hypothj'roid prior to electrocautery by fee mg 
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propylthiouracil in the ration (.1%) for 30 days. Goitrous rats were lesioned and im- 
mediatei}' returned to the normal diet until sacrifice (11-21 days). The goitrogen was 
similarly withdrawn from unoperated animals in parallel experiments. At autopsy, 
the hypophysis, thryoid, adrenal and portions of the reproductive tract were quicklj' 
dissected, weighed on a micro-torsion balance, and then placed in suitable fixatives in 
preparation for histological study. The finer structure of the adenohypophysis was e.x- 
amined on Helly fixed, paraffin embedded serial sections cut at thicknesses of 3 micra 
through the horizontal plane. Masson staining was used routinely with histochemical 
stains applied to alternate tissue sections for identification of gij'co-protein granulation 
in the basophils (11, 12). The other endocrine tissues were studied after fixation in 
Bouin’s picro-formol solution and staining with Harris’ hematoxylin and eosin or with 
the Masson stain. 


RESULTS 

Localization of the lesion 

Although there were differences in the site and extent of necrosis, the 
center of the lesion was usuallj'^ at the juncture of the anterior and middle 
thirds of the ventral hypothalamus. Typically, both areas of electrolysis 
were confluent in the mid-line (Fig. 1). The inclusive area of coagulation 
extended rostrocaudallj^ from the I'egion of the paraventricular nucleus to 
the mamillary body (Fig. 2). The degree of damage at rostral and caudal 
extremes was relatively slight and difficult to assess. In most instances, 
suprachiasmatic and paraventricular nuclei were spared but ventricular 

All figures (except 2 and 10) are photo-micrographs taken with “B” and “G” filters 



Fig. 1. A coronal section through the diencephalon of an obese (476 gm.) lesioned 
(56 days) rat which received thyroxine. The floor of the hypothalamus is well vascu¬ 
larized and intact but arcuate nucleus and median eminence are considerably damaged. 
Thyroid hormone failed to correct the severe ovarian atrophy (paired ovaries, 44 mg.) 
but induced adrenal hypertrophy (toluidine blue, Xlo). 
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Inf. M E. 


Fig. 2. Diagrammatic representation of 
the rat's hypothalamus (modified after 
Krieg, 40; Greer, 2) depicting the major 
nuclei damaged by electrocautcry. Dor- 
.sally placed lesions (horizontal hatched 
area) affected thyroid function without ap¬ 
parent effect on the ovary; both thj'roid 
and ovary were affected with lesions in the 
ventral liypothalamus (stippled area) 
IlIV. = third ventricle; O.N. = optic nerve; 
O.C. = optic chiasm; Sch. = supra chiasmat¬ 
ic nucleus; Ant. =anterior hypothalamic 
nucleus; P.V. = paraventricular nucleus; 
V.j\I. = ventromedial nucleus; A.=arcuate 
nucleus; i\r.E. = median eminence; P.M.C. 
= prcmamillary nuclear complex; hl.B, 
= mamillary body; Inf. = infundibulum. 


(3i'd) distension in tliis region was commonplace (Fig. 3). Damage to the 
posterior hypotlialamus was slight. Some destruction of neighboring fiber 
tracts (medial forebrain bundle, fornix, mamillo-thalamic) inevitably oc¬ 
curred and relationships of the 3rd ventricle were always disturbed. Le¬ 
sions deeply placed in the ventral hypothalamus desti'oyed the periven¬ 
tricular grej^ area and median eminence, as well as damaging to some ex¬ 
tent anterior hypothalamic and dorso- and ventro-medial nuclei. Such 
lesions produced atrophy of the reproductive tract and disturbances in the 
pituitary-thyroid system. Lesions more doi’sally placed which destroyed 
dorso- and ventro-medial and anterior hypothalamic nuclei but spared the 
arcuate nucleus and median eminence affected the pituitaiy-th 3 n-oid sys¬ 
tem without apparent effect on the ovary. The degree of impairment in 
thyroid function 'with either tj'pe of lesion was not greatl}’' different (12). 



Pig. 3. The degree of damage in the anterior hypothalamus of the rat described m 
Figure 1. There is ventricular distension and some condensation of cells in the 
ventricular nuclei; damage is otherwise relative^'' slight (toluidine blue, X15). 
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Table 1. Effect of varying thyroid hormone level on adrenal and ovarian 

ACTIVITY IN rats BEARING HYPOTHALAMIC LESIONS 




Mean body weight (gm ) 

Days 

lesioned 


^fean gland 

weight (mg ) 

Group 

No of 
rats 

At 

operation 

At mitiation 
of hormone 
treatment 

At 

sacrifice 

Adrenal 

Le^ el of 
significance- 

Ovarj 

Le\el of 
significance' 

Expt 1 










Normal Control 

12 



386±32« 

0 

59 4±3 S: 


103 4±9 31 

1 

Weight 

Lesion, fObe'e 

6 

273± 7 


•153+29 

60-67 

70 4 + 7 2] 

1 Fn s 

57 8+6 4 ] 

t p< 001 

Untreated^ 










(Non-obese 

6 

27I± 13 


3I8±44 

60-67 

55 3±5 91 

1 Pn s 

69 6+7 41 

■ Pn^ 

Normal "Age" Control 

18 



285± 40 

0 

60 6±3 2 

) 

74 S+3 4 ) 


Lesion + [Obese 

10 MgT{ 

8 

237± 6 

355+32 

390±43 

48-64 

63 7±1 7' 

J 

[ P< 005 

53 9+5 61 

[ 

(Non-obese 

13 

246±14 

268+34 

276+47 

48-64 

53 2+2 3] 

1 

\ P< 001 

54 5+5 9 

1 p< 001 

Intact'(-I0AigT4 

15 


308+25 

305±23 

0 

69 8+3 1, 

1 

93 4+4 9; 


Eipl S 










On PTU, 30 days 

n 



271+35 

0 

44 0+3 4] 


66 8+4 71 

i P< 05 

Lesion, off PTU 

18 

269+30 


240+27 

11-2! 

47 7±2 3 

1 

1 Pn s 

53 1+5 

P< 0! 

Intact, off PTU 

18 

268+16 


275+47 

0 

48 2+ 1 9, 


72 6+ 6 5 ; 

1 


1 Mean bodj weight ± average delation, in other cotumns (gland weight) ± \alues refer to the standard error of the mean 
■ Statistical significance calculated from “T" test tables “P” values > 05 are not considered significant (n s ) 


Morphologic Effects of Lesion 

The morphologic response of the ovary is statistically evaluated in Ta¬ 
bles 1 and 2. Ovarian atrophy was found in both obese and non-obese oper¬ 
ated rats but was more severe and occurred more often in the former. The 
genital hj'’poplasia was grossly visible in rats with hypothalamic obesity; 
ovaries were yellov' and fibrous in appearance and uteri pale and thread¬ 
like. A suggestion as to the efficacy of the lesion was evident from gross 
inspection of the floor of the hypothalamus at autopsy. With severe 
atrophy of the reproductive tract, the ventral hypothalamus rostral to 
separation of the hj^pophysial stalk from median eminence presented an 
irregular rather than smooth surface and displayed brown discoloration. 
The marked regression of the gonad in obese rats became more evident 
when comparison was made with older intact rats of approximately the 
same weight (“weight controls”) rather than with animals of similar age 


Table 2. Differential response of adrenal and ovart 

TO TRIIODOTHYRONINE IN RATS BEARING LESIONS 


Treatment 

No 

of 

animals 

Mean body weight (gm ) 

Adrenal 

Mean organ 

weight (mg) 

% change 

Initiation 
of hormone 
treatment 

At 

sacrifice 

100gm final bod^ weight 

% change 0\ary 

Intact—Saline 

16 

240 + 31 

257 ±30* 

22 5 + 

7 


25 9±1 1 


Intact— 4 HP Tj 

14 

290 + 33 

287 + 22 

22 9 + 

7 

0 

27 0+1 3 

+ 42 

Intact—2;<g Tj 

18 

234 + 21 

249 +18 

26 7 + 

9 

-(-18 7* 

36 5 + 1 5 

+40 9+ 

Intact—20 pg Tj 

15 

242 ±31 

238 ±22 

33 0 + 1 

2 

+46 6* 

38 8 ± 1 7 

+49 9* 

Lesion—Saline 

14 

215 + 29 

238 + 36 

21 0±1 

1 


20 4 + 1 4 


Lesion— 4 /ig Tj 

10 

296 + 24 

334 ±38= 

17 2 + 

9 

-18 1* 

19 8 +1 4 

- 2 9 

Lesion—2 jtig.Tj 

13 

270 + 34 

273 + 27 

27 6 + 1 

4 

+31 4* 

23 4+1 7 

+14 7 

Lesion—20 #ig Ti 

11 

288 ±34 

249 + 36 

36 7 + 2 

6 

+74 6* 

23 5±2 8 

+15 2 


1 Mean final bodj weight ± average deMation, in other columns ± \alues repre«ent standard errors of the mear, 
s Some animals in this group were obese 

♦Mean percent changes (from appropriate salme control \alue) which arc highlj significant statisticallj ( P” 
<.005) Other tallies are not deemed significant (“P'’> 05). 
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(“age controls”). Calculation of mean ovarian-body weight ratios in 
markedly obese animals yielded values less than 50% of normal; in some 
ovarian atroph}’’ approached the degree found after hypophysectomy. De¬ 
struction of the ai’cuate nucleus appeared to be a necessary prerequisite 
for reduction in weight of the ovai-y. Damage to the median eminence was 
an invariable accompaniment but some gonadal atrophy was found with 
either rosiral or caudal portions of this neural structure apparently un¬ 
damaged.^ 

The histologic changes in the gonad were cleaily separable into two 
major categories. With marked atrophy, tbe structure of the ovary was 
preponderantly follicular. Small, incdium and lai-ge follicles measuring be¬ 
tween 500-700 micra in diameter, Avere present in healthy condition (Fig. 
4). There was much atresia, and interstitial gland material, deeply baso¬ 
philic in staining reaction, was abundant. Wheel-like nuclei Avere common¬ 
place and deposits of yellow pigment wci'e substantial. Corpus luteum 
formation Avas inhibited. When present, corpora lutea Avere small (less than 
500 micra in diameter) and undergoing luteolysis. The second category of 
histologic alteration from normal was usually found in ovaries of non- 
obese lesioned rats in Avhich only moderate atroph}’- occurred. These Avere 
characterized by the presence of Avell developed, histologically actwe 
corpora lutea, some over 1 mm. in diameter. In contrast, the follicular ap¬ 
paratus appeared suppi'ossed. FeAv follicles had developed beyond the early 
antrum stage and none greater than 200 micra in diameter Avas visible. Re¬ 
gardless of the histologic picture in the ovary, the uterus Avas small, 
avascular and bore a slit-like lumen. The endometi'ium AA-as either in the 
diestrous condition or similar to that in the spayed rat (Fig. 5). The lu¬ 
minal epithelium Avas smooth and of the cuboidal or Ioav columnar t 3 ^pe. No 
mitoses Avere visible. The uterine glands Avere collapsed and stained deeply, 
and fibro-muscular tissue A\'as condensed. 

Adrenal morphologj' Avas not consistent!}" affected by h 3 ’pothalamic 

" The degree of vascAiliir disturirance engendered in the adenohypophysis after ex¬ 
perimental inani])uIation eitlier at iiA’pothalamic or ])ituita7y stalk ler^els hears impoi- 
tantly on the question of neural regulation of pituitaiy trophic hormone function (1, 45). 
In the present experiments, encroachment of some lesions on the primarj' capillary 
netwoi’k in the median eminence was ineAutable. Tlic extent of damage at this site was 
not quantitated b}" special methods. ScA’cral sets of facts subA’crt the probability that 
Amriable damage to this component of the liA’poplysial portal system was primarih 
responsible for the major endocrinologic changes Avhich ensued after operation. Fiist, 
appreciable damage to the primary plexus might be expected to alter substantiallA the 
A'ascular anatom}' and histologic integritj' of the anterior pituitary; instead, the p.ars 
distalis appeared healthy and displaj'cd minimal A'ascular change AA’ith little or no m 
farction. Secondl}', the degree of iinpamncnt of the pituitary-tlyroid sj'stem foim 
after median eminence lesions A\'as little greater than that which ensued AA’hcn this .'uea 
was spared. Finally, the post-operath'e period w'as of sufficiently long duration o 
e.xpect that poi'tions of the h 3 'poph 3 'sial portal s 3 ’stem temporaril}- damaged aaouIc laAO 
regenerated. 
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Fig. 4. Folliculai character of the atrophic ovarj'm the untieated lat with lesion (70 
days); the interstitium is well developed but no corpora lutea aic piesent (hematovjlm 
and eosin, X35). 

destruction (Tables 1 and 2). Absolute weight of the adrenal in obese rats 
could be greater than that in either age or weight controls, with adrenal- 
bodj'^ weight ratios not significantly altered. The histologic appearance of 
adrenal cortex and medulla in the operated rat was variable but no more so 



Fig 3. Tjpical histologic appearance of the endometrium in the rat described in 
Figure 4 The regression in epithelium and stroma approximates that found in the spai cd 
animal (hematoxxlin and eosin, X400). 
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than in intact controls. Several isolated instances of adrenal atrophy did 
occur but these were associated with adenohypophysial rather than hypo¬ 
thalamic damage. 

Effects of varying thyroid hormone level 

Thyroid hormone administration produced marked stimulation of the 
reproductive tract in the unopei-ated rat. Tlie ovaries were very vascular 
and enlarged and the uteri grossly hyperemic and swollen (Tables 1 and 2). 
The ovaries were heavily luteinized, with fresh corpora lutea and those of 
older orders visible (Fig. 6). Some of the larger corpora lutea were over 1.2 



Fig. 6. The morpliologic response of the ovary to thyioid hormone administration 
in the intact rat. The enlarged ovary contains man.v large follicles and well developed 
corpora lutea (hematoxylin and eosin, X35). 

mm. in diameter and appeared histologically active. Healthj' follicles in 
all stages of development were present. The uterine and vaginal histological 
structure closely resembled that seen with continued estrogen stimulation. 
The tall luminal epithelium in the endometrium contained many mitoses 
(Fig. 7). The enlarged uterine glands displa 3 "ed proliferative changes and 
penetrated deepl}" into the stroma. There was extensive leucocytic infiltra¬ 
tion of stroma and muscles laj^ers. The latter were thickened and extended 
into the mesometrium. The structural changes in the vagina were indica¬ 
tive of sustained activation. The stratified epithelium was thickened and 
cornified with numerous mitoses present in the basal la 3 'ers (Fig. 8). There 
was appreciable desquamation of the superficial cornified elements. 

The histolog 3 " of the reproductive tract in lesioned rats receiving thy- 
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Fig. 7. Uterine hj-perplasia which accompanied ovarian stimulation with c.\'ogenous 
thyroid hormone; numerous mitoses are visible in the hypertrophic epithelium (hema- 
toxj’lin and eosin, X400). 



Fig. 8. The vaginal structure corresponding to the gonadal and uterine changes 
shown in Figure 6 and 7. The thickened epithelium is cornified, with much desquama¬ 
tion of superficial elements into the lumen (hematoxylin and cosin, XlOO). 
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roid hormone contrasted highly with that in the intact animal. The ovarian 
atrophy was not corrected (Table 1 and 2) and the histology of the gonad 
appeared essentially unchanged (Fig. 9). The small uteri contained slit-like 
lumina lined l^y low columnar or cuboidal epithelium. No glandular ac¬ 
tivity was evident and the fibro-muscular tissue was condensed. The vag¬ 
inal epithelium was thin Avith superficial layers consisting of mucified 
columnar cells. Luminal concentration of leucocytes Avas marked. 

In contrast to the differential effects on the gonads, exogenous thyroid 
hormone induced substantial adrenal hyperti’ophy in lesioned rats Avliich 
paralleled that found in intact controls. Triiodothyronine at higher dose 



Fig. 9. Lack of effect of tli,vioid hormone on the gonad of a rat with liA’pothalamic 
lesion. The histologic picture of the atrophic oA'aiy remains predominantly follicular 
(hematoxylin and eosin, X3o). 

leA^els Avas a potent stimulus to adrenal enlargement Avhile inhibiting body 
Aveight gain. The 10 ng. dose of thyroxine used Avas less effective in causing 
adrenal hypertrophy. It retarded but did not abolish the Aveight gain in 
obese animals. The loAvest dose of triiodothyronine used (.4 pg.) exerted no 
significant influence on adrenal Aveight, nor did it interfere AAith the de- 
A^elopment of hypothalamic obesity. The liistolog}'’ of the enlarged adrenal 
reA'^ealed actiA''ational changes restricted largely to the fasciculate zone of 
the cortex Avith the medulla relatNely little affected. 

The morphologic response of adrenal and OAmry in rats made seA^erely 
hypothyroid AAuth propjdthiouracil prior to hypothalamic lesioning also 
differed significantly Avhen the goitrogen AA'as AA’ithdraAAm (Table 1, Expeii- 
ment 2). Pretreatment Avith the goitrogen for one month resulted in the 
anticipated thyroid hyperplasia (3-4 fold) and adrenal atroph 3 n There v as 
no significant change in Aveight or histology' of the OA'-aiy during this legi- 
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men. In both operated and intact rats adrenal gland Aveight AA'as still sub¬ 
normal 2-3 AA^eeks after prop3dthiouracil AA'ithdraAA^al but eAudences of 
OAmrian atrophj' Avere present onlj'^ in the lesioned group. 

A cyto-ph3^siologic and histocheniical anal3"sis of the adenoh3^poph3"ses 
of most lesioned rats used in this stud3'- has been considered in detail else- 
AA'here (11, 12). The additional information derhmd from this inAmstigation 
closel3' conforms. In brief, pituitar3'^ infarction AA^as infrequent and aside 
from sinusoidal distension the Avascular architecture AA^as little affected. 
There AA'as condensation of all cellular t3'pes in the parench3'ma AA'ith man3' 
acidophils in adA'anced stages of degranulation. Significant shifts in the 
numbers and c3'tologic actiAdt3' of beta and delta basophils occurred AA'hich 
correlated aa'cII AA'ith lesion placement and gonad and th3'roid function. The 
delta basophils responded more sensitiA'el3' to h3'pothalamic destruction, 
displa3'ing marked change in rats AA'ith oA'arian atroph3'. Characteristic 
clustering of these gonadotrophes along the portal A'essels AA'as lost and 
their gl3'co-protein granulation AA'as distinct^' reduced. Despite the most 
extensiA'e lesions, the beta basophils (th3'rotropes) persisted and these 
retained their electiA'e affinit3' for aldeh3'de fuchsin. Th3'roxine and tri- 
iodoth3'ronine induced drastic changes in the chromophilic cell t3'pes of the 
adenoh3'poph3'ses in operated rats. Regranulation and staining intensity of 
acidophils AA'ere increased. Beta cells almost completel3' disappeared. There 
AA'as a return of delta basophils to their customaiy locations in dorsal and 
A'entral regions of the gland. The alterations in the basophilic cell t3'pes 
in tlu'i’oid treated lesioned rats appeared qualitatiA'el3'- similar to those in 
intact animals. (The quantitath'e implications AA'ill be described in another 
study.) 

Ejfects of diabetes insipidus and starvation 

In table 3 are indicated the adrenal gland AA'eights of indiA'idual lesioned 
rats in AA'hich AA'ater intake and urine output AA'ere measured just prior to 
th3'roxine treatment. Group A is compi'ised of animals in AA'hich diabetes 
insipidus ensued as a consequence of h3'pothalamic destruction (rats AA'ith 
urine A'olumes at least tAA'ice greater than the mean of unoperated rats AA'ere 
arbitraril3' considered to be pol3'uric).® Inspection of adrenal AA'eight A'alues 
in pol3'uric (Group A) and non-pol3'uric lesioned rats (Group B) receiA'ing 
identical th3'roxine treatment reveals that in the former the adrenal is not 
onl3' AA'ell maintained but also has the capacit3' to enlarge despite damage 
to the neuro-h3'poph3'sis. Adrenal h3'pertroph3' in the lesioned rat AA'as not 

’ In A’iew of the fact that in hypothalamic obesity the metabolic mass is not the 
same as that of intact rats at similar bodA' AA-eight, some reserA-atlon must be held re¬ 
garding expression of urine output in terms of “cc./hours/body AA'eight.” There is no 
doubt lioAA'eA'er that a true diabetes insipidus e.xisted and actuall}' maA' haA'e been more 
marked than the A'alues indicate. 
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TaBI>E 3. AdUENAL weight RESI’ONSE to exogenous THYIIOII) HORMONE IN 
EESION-INHUCED TOEYURIC RATS 


Group 

Final 

body weight 
(gm.) 

Day.s 

lcsioned 

Urinary output 
ec.. 100 gm. 
body wcight/24 hr. 

Adrenal 

weight 

(mg.) 

A. Lcsioned, Poljuiric 

332 

50 

57.0 

49.4 


3G0 

51 

11.4 

71.0 


454 

51 

10.G 

C7.5 


404 

57 

12.5 

GO.O 


384 

58 

14.9 

56.5 


425 

120 

8.5 

81.4 


400 

120 

14.5 

93.0 


284 

120 

34.5 

65.0 

Mean 

381 


20.5 

68.0 

B. Lcsioned, No Polyuria 

250 

50 

5.5 

50.4 


234 

51 

3.0 

57.2 


302 

57 

5.0 

52.0 


266 

58 

2.7 

61.0 


218 

210 

1.9 

44.5 

Mean 

254 


3.6 

53.0 

C. Mean of 18 





Intact “Age" 





Controls 

290 

0 

3.9 

GO.6 

D. Mean of 11 





Intact “Weight” 




' 

Controls 

391 

0 

3.3 

64.8 


Urine out])ut wns measured just prior to initiation of thyroxine treatment (10 iig. daily, 
tor last two weeks of experinuMit). 


restricted to experimentally induced hyperthyroidism. It occurred in ani¬ 
mals which ate little or no food after operation or in those from which food 
and water were withheld I)}' experimental design. In a group of 14 starved 
rats sacrificed 6-25 days after electrocauteiy (28.5% mean bod.y weight 
loss) all but one responded with either relative or absolute increase in 
weight of the adrenal (Fig. 10). In 7 of these rats, adrenal weight was 
greater than it would be prior to starvation. 



Fig. 10. Effect of starvation on adrenal 
hypertrophy in Icsioned rats. The hori¬ 
zontal lino represents the mean adrenal- 
body weight ratio in normally fed rats 
(225-275 gm. body weight). Values for 
individual operated rats (circles) subjected 
to chronic starvation are related to the pre¬ 
starvation rather than final body weight. 
The adrenal hypertrophy is plotted as a 
function of body weight loss (%) reg.ardless 
of the number of days the rat was lesionce. 
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DISCUSSION 

The association of gonadal atrophy and hypothalamic obesity has been 
noted often; the relationship is not causal and different mechanisms are 
involved ( 32 , 33 ). In this study, the genital hypoplasia was clearl3'referable 
to secretor3" alterations in the adenoh3'poph3"sis which were not contingent 
on the presence or absence of obesit3n Similar interpretation was made b3" 
Bogdanove and associates ( 6 , 7 ) and Van D3’ke et al. ( 23 ) in the male and 
female rat respectivel3^ The severity of the ovarian atroph3^ which followed 
destruction of the periventricular grey area and the median eminence 
pointed to these neural structures as being of crucial importance in the 
h3'’pothalamic-h3'^poph3’-sial pathwa3’’ governing structural and functional 
integrit3^ of the ovar3'^. That var3dng degrees of gonadal atroph3% with or 
without disturbances in reproductive rhythm, result from generalized dam¬ 
age to the tuberal area in the rat has been reported ( 16 , 17 , 23 , 34 ) but the 
relationship of this h3'pothalamic region to a more rostral one controlling 
the sex C3'^cle is rather obscure. With anterior h3’^pothalamic lesions, dis¬ 
turbances in C3''clicit3" without gonadal atroph3'’ occur. It was found in both 
guinea pig ( 13 - 15 ) and rat ( 18 - 20 ) that destruction of the area from optic 
chiasm to rostral edge of the median eminence produced persistent estrus, 
h3^pertrophied uteri and markedl3'^ follicular ovaries in which corpus 
luteum formation was inhibited; gonad weight was unchanged. 

The hormonal alterations responsible for the imbalance in the pituitaiy- 
ovarian S3'^steni after h3'pothalamic damage have not been elucidated. De3'’ 
( 15 ) and Hillarp (IS) postulated that anterior hypothalamic lesions cur¬ 
tailed LH secretion while sparing the FSH mechanism in the adenoh3"- 
poph3'sis, thus permitting continued estrogen secretion from the follicular 
ovaries. The induction of corpus luteum formation in such ovaries with 
luteinizing hormone preparations ( 23 , 35 ) reinforces the view that pituitar3’- 
LH secretion is deficient in the lesioned animal but selective failure in LH 
function cannot explain some of the reproductive phenomena which result, 
Greer ( 19 ) was able to re-establish normal C3'cles and corpus luteum forma¬ 
tion with progesterone administration in persistent estrus rats bearing an¬ 
terior h3fpothalamic lesions; pseudopregnanc3'- was also produced upon 
cervical stimulation. The closest counterpart to this in the intact animal 
was described b3'^ Everett ( 36 ) in a spontaneous estrus strain in which cor- 
rectl3" timed injections of sub-inhibitoiy quantities of progesterone restored 
regular ovulatoiy C3"cles. If the possibilit3" of h3’pothalamic re-organization 
in Greer’s experiments is discounted, it would appear that balanced gonad¬ 
otrophic hormone secretion b3" the pituitar3' can be restored b3" progester¬ 
one in the absence of the ly^pothalamic stimulus and despite the fact that 
some effects of this ovarian hormone are known to be mediated through 
the central nervous S3'stem. The crucial element in the lu'pothalamic- 
hypoply’sial-gonadal interpla3’ ma3' involve primaril3" an estrogen-FSH 



698 ANGELO Volume GJ^ 

mechanism with changes in Lli secretion secondary. In a series of trench¬ 
ant ol^servations, Flerko (20, 21, 22, 47) demonstrated tliat a region in the 
hypothalamus just ventral to the paraventricular nucleus is sensitive to 
changing levels in circulating estrogens and constitutes an essential link in 
in the i-eciprocal interaction iDetween ovary and adenoliypophysis. In rats 
with this area destroyed much more e.strogen than normal was required to 
inhibit pituitary FvSH secretion. Conversely, ovarian autografts in the 
same region resulted in reduced uterine weight and diestrus, responses in¬ 
dicative of FSH .suppression. Grafts at other sites (posterior liypothalamus, 
hypophysis and liver) were ineffective. The results were considered to dis¬ 
prove the concept that estrogen inhibits FSH secretion directly at the 
adenohypophysis. It must be emphasized that although the effects of ovar¬ 
ian hormones on gonadotrophic liormone functions are mediated in part 
through neural mechanisms, direct action at pituitary levels is not neces¬ 
sarily excluded. Rose and Nelson (37) evoked substantial cytologic change 
in the pars distalis of rats with local administration of estradiol into the 
hypophysial fossa, a finding con.si.stent with the cla.ssic interpretation of a 
pituitary-ovarian feedback mechanism. 

The be.st interpretation that can l)e made from the present results is that 
destruction of the arcuate nucleus-median eminence complex seriou.sly in¬ 
terfered with both FSH and LH secretion by the anleilor pituitary. Al¬ 
though vaginal smears wei'e not made in Icsioned rats, the histologic pic- 
tiu-e of the reproductive tract was con.sistently one of atrophy. An absolute 
deficiency of estrogen secretion must have occun-ed in all atrophic ovaries 
irrespective of corpus luteum inhibition or apparent sparing of the follicular 
apparatus. The histochemical changes in the adenohypophysis conformed 
closelj'. The decreased size and number of growing follicles and the 
abundance of wheel-cell formation in the interstitial tissue of severely 
atrophic ovaries correlated strongl.y with drastic reductions in both central 
and peripheral gonadotrophs in the pars distalis. The totality of histo- 
physiologic change in the pituitary-ovarian s.ystem resulting from arcuate 
nucleus-median eminence lesions simulated that which ensues from pitui- 
taiy transplantation or severance of its stalk. Whether or not luteotrophin 
continues to be secreted after the placement of lesions which curtail FSH 
and Lli secretion remains to be tested. There is impressive evidence that 
vigorous and prolonged luteotrophin secretion does not require an intact 
hypothalamic connection, even though some modulation of hormone secre¬ 
tion by the hypothalamus is quite probable. Luteotrophin is secreted from 
rat pituitaries transplanted to the kidnej'S very likely instead of othei 
gonadotrophins, and in amounts sufficient to maintain functional corpora 
lutea for months (38). „ 

The manner in which the anterior and tuberal h 5 'pothaIamic “centers 
of the rat are integrated to achieve balanced gonadotrophic hormone secie- 
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tion from the anterior h 5 ^pophysis defies analj’^sis at present. Without direct 
measurement of the levels of the individual gonadotrophins in blood and 
pituitary of lesioned rats, differential regulation of FSH and LH secretion 
by either hypothalamic zone cannot be assessed. It would be expected that 
stimuli from the rostral hypothalamus—whatever their nature—should in- 
er itablj" converge in or near the median eminence region as a focal point in 
the hypothalamic-hypophysial pathway for gonadotrophic hormone regu¬ 
lation. Destruction of median eminence and associated periventricular 
grey would therefore eliminate all hypothalamic influence regardless of its 
source and should lead to the greatest gonadotrophin deficit and gonadal 
atrophJ^ It is significant that in the male rat severe gonadal atrophj' also 
occurs after destruction of the arcuate nucleus-median eminence complex 
(7, 25) and that under these circumstances pituitaiy gonadotrophin is 
drastically reduced (7, 39). The fact that gonadotrophic hormone stores in 
the pituitarj”- can be decreased even in lesioned rats with testes of normal 
size (7, 39) underscores the difficult 3 '^ in interpretation of the relative im¬ 
portance of the alleged separate gonadotrophic centers in regulation of 
gonadotrophic hormone secretion. Classic neuro-anatomic technics may 
have to be emplo 3 ^ed to evaluate more precisely the extent of damage in 
the hypothalamus, even in apparentl 3 '- unaffected areas. 

The failure to induce impressive adrenal atrophy in the female rat after 
electrocautery of the hypothalamus has been general (2, 16, 17, IS, 34). 
In the male, marked adrenal atroph 3 '- can be produced with median em¬ 
inence lesions (27) but it is usualb' not selective, being associated fre- 
quentl}'- with pan-hypopituitarism (6, 7, 39). The absence of morphologic 
change in the adrenal does not preclude the strong probabilit 3 ' that some 
impairment of adreno-cortical function occurred in untreated lesioned rats 
of this stud 3 u McCann and his associates have demonstrated that median 
eminence lesions can block acute responses of the adrenal cortex without 
atroph 3 '' (25), will suppress compensatoiy h 3 "pertroph 3 ' of the gland to uni¬ 
lateral adrenalectom 3 " (26) and may inhibit the rise in ACTH content of 
blood and pituitaiy which attends adrenalectom 3 ^ (27, 2S). The fact, how- 
CA'er, that adreno-cortical h 3 "pertroph 3 ' can be induced with such stressful 
procedures as starvation or chronic th 3 u-oid hormone treatment—both 
potent activators of the pituitaiy-adrenal S 3 'stem (40, 41)—strongb' sug¬ 
gests that the pituitaiy can augment its basal ACTH secretion even after 
extensive h 3 "pothalamic lesions. It has also been .shown, as in pre\dous 
work (5, 25), that lesion-induced diabetes insipidus and adrenal h 3 ’'per- 
trophy are not mutualb" exclusive. Evidence of adreno-cortical stimulation 
in rats with severe neuro-h 3 "poph 3 'sial damage indicates at best a limited 
role of the neurolypophysial hormones in facilitating sustained ACTH 
release iy the anterior pituitaiy, a conclusion equalb applicable to TSH 
function as well (11, 12). 
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The finding that exogenous thyroid hormone engenders adrenal hyper¬ 
trophy without reversing the gonadal atrophy reveals that the effects of 
hypothalamic damage on the target endocrine glands are not merely non¬ 
specific consequences of lowered metabolism. Brooks, Marine and Lambert 
(42) induced hypermetabolic states in lesioned rats with tJiyroxine but did 
not study the histo-physiologic consequences to the endocrine system. As 
in their study, thyroxine administj-ation was found to retard but not 
abolish the weight gain in operated animals. The stimulation of the repro¬ 
ductive tract in the intact rat receiving tliyroxine or triiodoth5"ronine can¬ 
not be satisfactorily explained. Maqsood (20) and Beineke and Soliman 
(30) have evaluated the many discrepant reports which nevertheless 
strongly implicate the thyroid gland in mammalian reproductive processes. 
Experimental procedures, which in themselves drastically altered thyroid 
hormone levels far beyond phy.siologic limits, have tended to obscure the 
possible role of tlie thyroid in gonadal function. In the present study, this 
factor was taken into account. With hyperthyroid states ranging from mild 
to moderate and severe, there was marked stimulation of the reproductive 
tract in the intact rat. The effects on the uterus and vagina were much like 
those induced with chronic estrogen administration. 

Several phj^siologic mechanisms exist thi'ough whicli thyro-ovarian in¬ 
teraction maj' conceivably occur; namely, 1) an indirect effect mediated via 
the adrenal, 2) a change in excretion rates of gonadotrophic and ovarian 
hormones or altered sensitivity of target tissues to them, and 3) a direct 
effect of thyroid hormone on the pituitary-ovarian axis with or without in¬ 
volvement of the liypothalamus. Inasmucli as tlie adrenal hj^pertrophy in 
operated rats was equivalent to that of intact controls, it is not deemed 
likely that differential response of the ovary was due to differences in 
adrenocortical hormone levels. Differential excretion or inactivation of 
gonadotrophic hormones and threshold differences in the gonad are known 
to occur in hyperthyroid I'ats (43). That such changes were restricted to 
the intact and not the lesioned animal despite similar thyroid hormone 
treatment over a range of dose levels is implausible. More relevant may be 
the fact that thju’oid hormone in amounts inducing relatively mild hyper¬ 
thyroidism is known to augment certain phases of gonadotrophic hormone 
secretion by the pituitary (29, 44). The substantial decrease in the numbers 
and cytologic activity of the delta basophils in the adenohypophyses of 
untreated lesioned rats and their considerable increase in the pituitary of 
the unoperated animal receiving thyroid hormone are consistent with this 
thesis. The persistence of gonadal atrophy in the operated animal could re¬ 
flect irreparable damage to the mechanisms of adenohj^pophysial FSH and 
LH secretion. The restoration of delta cells in the adenohypophysis with 
exogenous th3'-roid hormone renders this interpretation questionable, how¬ 
ever, and suggests further that th^wold hormone can act at both hypothal- 
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amic and pituitary levels. The reappearance of these cells at a time when 
TSH content of the anterior pituitary is far below normal excludes them as 
the producer of TSH (12) but whether their return signifies production of 
gonadotrophins without concomitant release, or even augmented ACTH 
secretion in view of the adrenal enlargement, cannot be resolved with the 
data at hand. The influence of the thyroid on the hypothalamic- hypophys¬ 
ial-ovarian sj^stem must therefore remain speculative at present. 
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THE EFFECTS OF EPINEPHRINE ON THYROXINE 
METABOLISM: IODINE EXCRETION AFTER 
VARIOUS THYRONINE DERIVATDTlSi 

BURTON KALLMAN and PAUL STARR 

University of Southern California School of Medicine, Los Angeles, California 

ABSTEACT 

Epinephrine was found to increase urinary I”' (primaril.v as iodide) after 
the administration of labeled L-thyroxine, n-thj-roxine and ir-triiodoth.vronine 
as compared to the excretion after injection of these thyronines without 
epinephrine. Epinephrine had no effect on the excretion of isotope after the 
administration of radioactive iodide. Fecal P®' from these sources was slightly 
lowered bj' epinephrine. Other thyronine derivatives were studied without 
epinephrine and were found to have varying rates of excretion. 

S WANSON has shown that the increased oxygen consumption produced 
in rats by epinephrine is thyroid-hormone-dependent (1). This effect 
is of short duration, ox^^gen consumption returning to normal nithin four 
hours. It appeared possible that this effect is related to an epinephrine 
effect on the metabolism and/or distribution of thyroid hormone. It has 
been shown that epinephrine produces a lowering of the serum protein 
bound iodine in rats and humans (2, 3, 4, 5). 

In the present study the effects of epinephrine on iodine excretion were 
determined, Thjuonine deriA'-atives labeled with T®' were administered to 
thyroidectomized rats which had been Avithdrawn from replacement ther¬ 
apy (3.5 yg. L-thyroxine/100 gm. body weight/day) one month prior to 
the start of these experiments. This was done to lower the body pool of 
tlyu'oid hormone to a leA^el at which the injected labeled material would 
represent essentially all the thju-oid hormone aAmilable to the organism. 
Since metabolic rates were not determined, it is not knoum if the 
amounts of thyroactive compounds used in this work (2-4 yg.) supported 
the stimulatory effect of epinephrine on oxygen consumption. Although 
Swanson found increased oxygen consumption after epinephrine admin¬ 
istration to rats receiAung daily injections of 3 yg. of thyroxine, it AA'as not 
the purpose of the experiments reported here to necessarily cause hyper¬ 
metabolism. It Avas assumed that, CAmn in the absence of a demonstrable 
effect on oxygen consumption, an effect of epinephrine on th 3 u-oid hormone 
metabolism Avould be exerted on thj-roactiA^e material administered as a 
single dose. 

RcceiA'od August H, 1958. 

’ Supported by U. S. Public Health Ser\dce Grant if'A-G74, 
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In addition to the studies utilizing epinephrine, the excretory patterns 
of radioactive tetraiodothyroacetic (Tetrac) and tetraiodothyropropionic 
(Tetraprop) acids and of triiodothyroacetic acid (Triac) were determined. 

MATERIALS AND METHODS 

Male Long-Evans rats wliich had Ijoon thyroidcctomizod witli I'^' were usccl.^ Groups 
of five rats were given a single intraperitoneal injeetion of the thyronine derivatives in 
amounts of 2-4 gg., incorporating 75-85 fic of radioactivity.'’’ Tlic animals were then 
placed in metabolism cages and urine and feces were collected over 24 or 48 hour inter¬ 
vals for varj’ing periods of time. 

The urine was pooled, filtered and made up to a standard volume. The feees were 
also pooled, homogenized and made up to volumes. Radioactivity in aliquots of both 
urine and feces was determined in a scintillation well counter. Total counts in the pooled 
urine and feces were compared to those in a standard containing the amount of radio¬ 
active material given to each rat. 

In the studies utilizing c]rinephrinc,' it was administered intramuscularly at a dose 
of 80 pg. per 100 gm. borly weight. This single injection was made immediately after the 
administration of labeled thyroid hormone. Compounds which were studied both with 
and without cpineidirinc were given to the same group of five animals in both e.xperi- 
ments. 

Four rats were given -iodide (GO po). After 48 hours two of these animals were 
given epinephrine. Urine and feces of the four rats were collected during the initial 48 
hours; they were collected as two pools for the subsequent 24 hours. 

In some of the studies additional aliquots of urine and feces were acidified and ex¬ 
tracted three times with equal volumes of n-butanol. The pooled butanol was then 
washed twice with Blau’s reagent (4N NaOH containing 5% NajCOs), which e.xtracts 
iodide and iodinated tyrosines but not iodinated thxTonines. Radioactivity in the butanol 
was determined before and after Blau’s e.xtraction. 

RESULTS 

Tlie amounts of urinary and fecal radioactivit}" are tabulated in Table 1. 
Increased urinary I‘‘^' was found after epinephrine administration with l- 
thyroxine, n-thyroxine and L-triiodothyronine but not with iodide. 
Epinephrine produced a slight decrease in fecal I^^^ with the three thy¬ 
ronine derivatives. 

Urinary I'^* was primarily in the form of iodide; fecal I^^^ behaved mainly 
as thyronine derivative in its solubility characteristics. Fecal excretion was 
very low (<4%) in all the rats given isotopic iodide. Table 2 contains the 
results of butanol and Blau’s reagent extractions; Blau’s insoluble material 
has been recorded as “thyronine-like.” 

The urinary excretion of isotope was greater with triiodothyronine and 
r-thyroxine than with L-thyroxine. This was true also of Tetraprop and 

4'wo treatments of 500 fic were used; histological e.xamination of similarly treated 
rats showed no thyroid tissue in the throats or chests. 

” Radioactive materials rverc purchased from Abbott Laboratories, Oak Ridge, leu 
nesscc. 

■* “A'lrcnaline-in-oil,” 1:500, Parke, Davis and Co. 
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Table 1. Urinary and fecal I”‘ ' 


Unnarj’’ I*** 


Fecal 1*31 


Material injected 



Time (hours) 





Time (hours) 


24 

48 

72 

96 

120 

132 168 

Total 

24 

48 

72 

96 

120 

132 168 

Total 

L-thjroxine 

14 

8 


5 



27 


43 


12 



55 

L-thyroxine d. epinephrine 

20 

11 

10 

8 



49 

21 

13 

9 

4 



47 

D-th>roxine 

29 

10 

3 




42 

34 

12 

2 




48 

D-thj roxinc & epinephrine 

34 

19 

5 




58 

28 

7 

3 




38 

Triiodothj ronine 

25 


15 




40 

46 


15 




61 

Truodothj ronme & epinephrine 

47 

25 





72 

29 

9 





38 

Triac 

25 

5 

2 

1 



33 

41 

10 

1 

1 



53 

Tetrac 

9 

4 


4 

2 

3 

22 

6 

7 


10 

5 

8 

36 

Tetraprop 

18 

8 

4 



11 

41 

11 

17 

12 



18 

58 

Iodide 

61 

11 

5 




77 

2 

1 

<1 




<4 

Iodide epinephrine^ 



4 




76 



<1 




<4 


* Data recorded as per cent of administered radioacti\itj Each figure represents the a\erage excretion per rat as 
calculated from the pooled excreta of fi^e rats. 

3 Epinephrine administered at 48 hours 


triac. Onlj^ tetrac was deiodinated more slowlj'' than L-thjToxine. Tlie in¬ 
crease in urinar 3 ^ radioactivity over the entire collection period following 
epinephrine was, with n-thyroxine—38%, with n-triiodoth^Tonine—80% 
and with L-thja-oxine—82%. Radioactivit}’^ derived from triiodoth 3 Tonine 
M'as completel 3 '’ excreted within 48 hours when epineplirine was given. A 
longer collection period was required for essentiall 3 " complete excretion 
with epinephrine and the two th 3 woxine isomers. 


Table 2 Percent vge op thyronine-like I'®' in butanol extracts 


Material injected 

Uiine 

Feces 

L-thyi o\ine 

2 

90 

L-thyro\ine & epinephrine 

3 

83 

D-thjTO\ine 

1 

83 

D-th3’ro\ine & epinephrine 

2 

79 

Tetrapi op 

2 

86 

Triac 

1 

58 

Iodide 

2 

— 


DISCUSSION 

From the data presented above, it appears that the rates of deiodination 
of the various th 3 n-onine derivatives are not related to their in vivo activi¬ 
ties. Thus, Tetraprop, triac and D-th 3 a'oxine, which are relativel 3 ’^ inactive 
in mammals, were deiodinated more rapidl 3 '' than L-th 3 woxine. The more 
active compound, L-triiodoth3Tonine, was also deiodinated more rapidty 
than L-th 3 U'oxine. Tetrac, a less active material, was deiodinated more 
.«lowl 3 " than L-th3Toxine. 

Epinephrine effected a marked increase in urinar 3 " with the three 
th 3 uonine derivatives tested. It did not increase the excretion of isotope 
when given 48 hours after the administration of radioactive iodide, indi¬ 
cating that the epinephrine effect is not exerted on the release of iodide 
from the tissues. Furthermore, the increased urinaiy after th 3 ’-ronines 
and epinephrine persisted for 48-72 hours. It is questionable if an epineph¬ 
rine effect on renal action would persist for this length of time. 
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The decrease in fecal iodine after epinephrine maj^ result from the low¬ 
ered concentration of circulating labeled material. Specific differences in 
the rate of Ijiliaiw exo'el.ion may exist, however. Thus, Tetrac was excreted 
at a low rate in both urine and feces. Triac, on the other hand, was rapidly 
excreted via both routes. 

Further work on this problem will lie designed to determine the mecha¬ 
nism by which epinephrine increases the urinary excretion of iodide derived 
from tlDuonine deiuvativcs. 
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CHARACTERIZATION OF ESTROGENS IN THE BOVINEi-= 
J. GORSKP AND R. E. ERB 

Department of Dairy Science, State College of Washington, Pullman, Washington 

ABSTRACT 

Estrone, estradioI-17|S and estradiol-17a were identified in bovine placental 
extracts by chromatograph}' on paper, formation of acetates, Kober reaction, 
bioassay and absorption spectra in sulfuric acid. A FeCl 3 -Fe(CN )6 reacting 
compound with a migration rate on paper chromatograms similar to estradiol- 
17/3 was detected in extracts of ovaries from non-pregnant cows but in quanti¬ 
ties too low for further identification. 

Maternal adrenals and ovaries and fetal adrenals and testes from two cows 
pregnant 256 and 265 days did not yield detectable quantities of estrogens. 

The placenta appears to be the principal source of estrogens in the pregnant 
bovine. 


INTRODUCTION 

I NFORMATION on the natural estrogens of the bovine is limited to 
identification of estrone in adrenal tissue (1), estrone and estradiol-17a 
in urine from pregnant cows (2, 3) and estrone in the bile of pregnant cows 
(4). Nonspecific assays of urine by biological (5) and fluorometric (6) 
methods have indicated that estrogen levels are markedly increased in the 
pregnant cow as compared with the non-pregnant cow. 

Estradiol-17|3 and estrone have been demonstrated in the sow ovary 
(7, 8). The principal source of estrogens in pregnant women is considered to 
be the placenta from which estrone, estradiol-17j8, and estriol have been 
isolated (9,10,11). 

The purpose of this stud}^ was to determine the identity and principal 
sources of the estrogens in the bovine. 

MATERIALS AND METHODS 

Tissue Sources 

Ovaries from nonpregnant cows and heifers with grossl}^ normal repro¬ 
ductive tracts were olitained within 15 minutes after slaughter. The ovaries 
were pooled in groups of 8, 11, and 35 ovaries and assayed by the proce¬ 
dures described below. 

Received August 11, 195S. 

' Scientific P.ipcr No. 1768, Washington Agricultural Experiment Stations, Pullman. 

- This investigation was supported in part by funds for biological and medical re¬ 
search by the State of Washington, Initiative measure No. 171 (Biol. & iSIcd. 195). 

^ Present address: Department of Oncology, yicCardlc Memorial Laboratory, Uni¬ 
versity of Wisconsin, iSIadison, Wisconsin. 
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Two .Jerseys were sacrificed during late pregnancy. No. 222,3 was preg¬ 
nant 256 days with her first calf and No. 2192 was pregnant 265 days with 
her third calf. Placentae, ovaries, and adrenals of the cows and the adrenals 
and testes of theii- fetal calves were removed for assay. 

Placentae were obtained at slaughter from cows in different stages of 
gestation and from cows following parturition. 

Chemical Procedures 

All tissues Avere homogenized and exti-acted Avith etliyl acetate in a War¬ 
ing blendor. The lipid extract, Avas evaporated to dryness in a Avater bath at 
45° C under reduced pressure. Fats Avere removed by taking up the lipid 
residue in 70% methanol and then cooling overnight at minus 5 to 10° C. 
The precipitated fat Avas removed by centrifugation or filtration in tlie cold. 
In the case of samples from coav No. 2192 and a feAV placental extracts, fat 
Avas removed by partitioning betAvecn 70% methanol and Skellysolve B. 
The aqueous fraction, after evaporation of the methanol in a Avater bath at 
45° C under a stream of No, was extracted Avith ethyl acetate. The ethyl 
acetate AA’as dried over NaoSO.) and evaporated to dryness in a AA'ater bath at 
45° C under a stream of No. The re.sulting residue AA-as chromatographed on 
paper in the formamide/Skellysolve B system (12) for 4 to 5 hours. The 
chromatograms Avere dried in air and the areas Avithin 4 cm. of the origin 
eluted Avith methanol. After evaporation of the methanol, the residue AA'as 
chromatographed in formamidc/Skell.ysolve B-benzene for 5 to 6 hours. 
After drying the chromatogram, tlie estrogens Avere detected AA-ith FeCh- 
K 3 Fe(CN)r, reagent. The origin Avas eluted as described above and rechro¬ 
matographed in the benzene/55% methanol system for 24 hours in order to 
detect estriol if present. 

Ideniificaiion Procedures 

Wdien sufficient quantities of a compound Avere aAmilable, the compounds 
Avere rechromatographed for Amrious periods of time in formamide/Skelly¬ 
solve B-benzene. Monoacetates Avere formed by’’ reacting AAuth one part 
acetic anhydride to 50 parts pyridine (13). The acetylated estrogens Avere 
chromatographed in formamide/Skelly¬solve B till the solvent front had 
moved approximately 40 cm. The acety-lated estrogens Avere detected on 
the chromatograms by the procedure suggested by "West (14). Kober tests 
Avere run Avith liunt’s (15) microadaption of the BroAvn (16) procedure. 
Four point bioassays, using the 6-hour uterine Aveight method of AstAvood 
(17) Avere calculated Avith coA-ariance as suggested by- Bliss (IS). Absorption 
spectra Avere determined after reacting the compounds AA-ith concentrated 
sulfuric acid for 2 hours. Although this study- Avas not a quantitatiA-e one, 
crude estimates Avere made by- visual comparisons of the dyed spots on 
chromatograms from tissue extracts and standards. 
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RESULTS 

Up to 35 ovaries in a group were extracted but no estrogen could be com¬ 
pletely identified. In all cases, a faint spot was detected on the chromato¬ 
grams corresponding to estradiol-17/3. The quantities were less than 10 gg. 
and insufficient for further identification. No other phenolic compounds 
were detected in the ovarian extracts. 

Three FeCl 3 -Fe(CN )6 reacting compounds were detected in the placentae 
from the two Jersey cows sacrificed during late pregnancy. No phenolic 
compounds were detected in the ovaries and adrenals of these cows, nor 
was any found in the adrenals and testes of their fetal calves. 

FeCl 3 -Fe(CN)® reacting compounds from placental extracts were pooled 
for further identification. Estrone was identified bj^ migration rate on paper 
chromatograms, by migration rate of the acetate, by Kober chromogen, 
and by a significant response in the uterine weight bioassay corresponding 
to authentic estrone. 

Estradiol-17^ Avas identified by migration rate on paper chromato¬ 
grams, by migration rate of the monacetate, b}”^ Kober chromogen, and by 
significant response in the uterine weight bioassay parallel to authentic 
estradiol-17/3 at 1/10 the concentration of estrone. 

Estradiol-17a was identified by migration rate on paper chromato¬ 
grams (Fig. 1), b}" migration rate of the monoacetate, by Kober chromo¬ 
gen, and by sulfuric acid spectra of the monoacetate. 

Estriol could not be detected in anj'- of the extracts. 

Table 1 shows the approximate quantities of the three estrogens from 
the placentae of the tAvo pregnant cows. Relative amounts of estradiol-17a 
have been higher in term placentae. Estradiol-17j8 was detected in placen¬ 
tae from the other cows as early as the fifth month of pregnancy. 


Table 1. Appboximate' quantities of three estrogens in two placentae 


Cow 

Tissue weight 

Estrone 

Estradiol-17^ 

Estradiol-17a 


gm. 

Mg- 

Mg - 

Mg - 

2223 

1400 

20 

30 

5 

2192 

1300 

15 

30 

10 


' Visual comparisons from spots on paper chromatograms. 


DISCUSSION 

The placenta of the bovine, like that of the human, appears to be the 
principal source of estrogens during pregnanc 3 ^ Estrone and estradiol-17/3 
are found in the placentae of both species. The estrogens in the placentae 
differ, in that estradiol-17a but not estriol was found in the bovine. The 
reA'erse is true for the human ( 11 ). It is interesting that estradiol-lTa is 
apparently' a major urinary' metabolite in the bovine (3) and estriol is con¬ 
sidered the principal urinary' metabolite in the human (19). Levy', cited by 
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I 


1 . ■■InomatoEram after ,let;elopmc..t 

atanclarrl. (B) Estradiol-17« standard, (C) Pooled pl 
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Dorfman (20), has reported that estrone is metabolized to estradiol-17a' 
by bovine blood. This mechanism could account for a part or all of this 
compound in the highly vascular placental tissue. 

A previous paper from this laboratoiy (21) confirms Short’s (22) report 
that the bovine placentae does not contain progesterone or A'' pregnene- 
20P-o\, 3-one. Also, testosterone and androstendione were not detected 
(21). One or more of these steroids, which are possible estrogen precursors, 
have been reported for the ovary, adrenal, testes, and human placenta. In 
light of this, bovine placental tissue might be of interest for studies of estro¬ 
gen bios 3 mthesis. 

The low amount of estrogens in the bovine ovar}" is consistent with re¬ 
ports of low urinary excretion of estrogens in non-pregnant cows (5) and 
the relativelj" low amount of exogenous estrogen necessarj' to bring ovar- 
iectomized heifers into estrus (23). Although the data presented here are 
not conclusive, estradiol-17/3 is possiblj'' the ovarian estrogen in the bovine. 

Failure to detect estrogens in the maternal adrenal, fetal adrenal or 
fetal testis maj’^ be due to lack of sensitive enough methods but does indi¬ 
cate that these organs are minor sources as compared to the placenta. 

The relatively high quantities of estrogens in late pregnancy placenta, 
coupled with rather constant levels of progestins in the ovaries (21) and 
blood (24) of the bovine, is in contrast to the increasing levels of both 
groups of steroids in the human placenta during gestation (25, 26). 
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FURTHER EVIDENCE FOR MEDIATION BY HISTAMINE 
OF ESTROGENIC STIMULATION OF 
THE RAT UTERUSi-2 

EUGENE SPAZIANI® and CLARA M. SZEGO 

Department of Zoology, University of California, Los A7igeles, California 

ABSTRACT 

Solutions of histamine dihj^drochloride or of a S 3 ’nthetic histamine releasing 
agent (Compound 48-80) were introduced into the uterine lumen of adult, 
castrated rats. Within four hours following administration, increases in water 
content and changes in gross vascular appearance of the organ were produced 
which were comparable to the maxima induced bj^ intravenous or intraluminal 
estrogen for the same period of treatment. Intravenousl}' administered cortisol 
substantial!}' diminished the hyperemia and water imbibition elicited b}' 48-80 
or by histamine. 

Two of the 4 structurally interrelated antihistamines tested (Benadryl hy¬ 
drochloride and Chlor-Trimeton raaleate), were effective in blocking estradiol- 
stimulated hydration and hyperemia. 

These findings are regarded as support for the view that estrogen action, 
in effecting vasodilation and edema in the rat uterus, is mediated by the local 
release of histamine. It is proposed that cortisol may antagonize responses to 
estrogen in the uterus by non-specifically decreasing capillary permeability in 
that organ. 

I N EXPERIMENTS reported earlier from this laboratori'- (1), it was ob¬ 
served that a single intravenous dose of estradiol-17/? administered to 
the ovariectomized rat was followed in 4 hours by a decrease in the hista¬ 
mine concentration of the uterus. The loss was determined to be approxi¬ 
mately 17% of the basal concentration in the organ and was shown to be 
neither a consequence of the usual water accumulation nor a reflection of 
an estrogen-induced acceleration of histaminase activit}'. In addition, 
uteri taken from intact animals during periods of high endogenous estrogen 
secretion exhibited less histamine than those in quiescent states. On the 
basis of these observations it was proposed that certain earl}' correlates of 
estrogen stimulation, particular!}’- vasodilation accompanied by increased 
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capillar.y permeal:)ility, may be attributed to tlie action of histamine re¬ 
leased in situ by estrogen. 

Results of experiments designed to test furt,hei- this hypothesis are in¬ 
cluded in the present report. It. has been demonstrated that instillation of 
histamine or of a histamine liberator, Compound 48-80, into the uterine 
lumen of the ovariectomized rat simulates the action of e.strogen in elicit¬ 
ing hyperemia and hydration of the organ. When induced by estrogen 
itself, these responses could be significanl.ly depressed by administration of 
the antihistamines, Benadryl hydrochloride and Chlor-Trimeton maleate. 

Cortisol administration suppressed the vascular and hydration responses 
elicited in the uterus b.y histamine and 48-80. 

MATEUTALS AND METHODS 

Adult female Sprague-Dawley rats, 4 to 7 moiitlis of age and averaging 300 gm. in 
weight, were used. All animals were l)ilaterally ovariectomized 14 to 10 days before 
treatment. In one experiment tlie animals were also bilaterally adrenalcctomized just 
prior to injection. Water and Purina laboratory chow were fed ad libitum. While the 
animals were under light ether anesthesia, solutions of diirhenhydramine ("Benaclryl")- 
HCl, pyranisamine (“Neo-.\ntergan”) maleate. tripelenhamine ('‘Pynbpnzaininc'’)-HCi 
or chlorprophenpyridamine (“Chlor-Trimeton”) maleate. Compound “48-80,” hista¬ 
mine dihydrochloride, ('stradiol-I7/3, or tludr control solutions were injected directly 
into the lumen of one or both uterim* horns. Ligatures were irlaced immediately above 
the site of injection, .\lthough varying concentrations of the above substances were em¬ 
ployed, the volume injected irer horn was kept constant at 0.02 ml. This quantity of 
fluid did not discernibly distend the uteri of most of the animals used. 

In the antihistamine experiments, estradiol-17/3 in isotonic saline solution (2) was 
administered intravenously in the amount of 0.5 pg. (0..5 ml.) per 100 gm. body weight 
unless otherwise stated. From 2.5 to 4.0 mg. of cortisol acetate in aqueous suspension 
(25 mg./ml.) was administered irer 100 gm. body weight to some of the animals receiving 
intraluminal histamine or Comjround 48-80, 'I'he hormones were given under light 
ether anesthesia, each in a single dose via the saphenous vein immediately preceding 
intrauterine instillation of the non-steroid substances mentioned. 

At time intervals following injection, each animal was stunned by a sharp blow at 
the base of the skull and bled by decapitation; uterine horns were removed (1) and 
analyzed for water content as previously described (2). 

RESULTS 

Compound 4S-S0 and uterine hydration 

Xaturally occurring and sjarthetic materials possessing the capacity to 
cause the release of endogenous hi.stamine have been extensivel}^ studied by 
the pharmacologist . (.3). Among the more powerful of these is a substance 
designated Compound 48-80 (3, 4), the exact structure of which is un¬ 
known but is believed to consist of molecular chains of an indeterminate 
number of P-methcv''-N-methyd-phen 3 ’lethylamine units. Injection 0 
this material at var'-' dose levels directly into the lumen of each uteiine 
horn resulted 4 houi’s later in the increases in uterine water uptake shoun 
in Figure 1. A dose of 0.2 mg./horn can be seen to produce a water iipta 'e 
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MG. 48-80/UTERlNE HORN 

Fig. 1 . The effect on uterine hydration 
of increasing amounts of 48-80 injected 
directly into the lumen of each uterine 
horn. Each point represents the mean ± the 
standard deviation of values obtained from 
4-5 animals sacrificed 4 hours after injec¬ 
tion. 



Pig. 2. The influence of time after ad¬ 
ministration of Compound 48-80 on uter¬ 
ine water content. The histamine releaser 
was injected intraluminall}^ in the amount 
of 0.2 mg. per uterine horn. Values for inu- 
lin and saline given by the same route are 
shown for the 4 hour time period. Each 
point represents the mean ± the standard 
deviation of values obtained from 4-6 ani¬ 
mals. 


approaching the maximum attainable with intravenous estrogen {vide 
infra). The local route of administration was employed because 48-80 was 
observed in preliminary experiments to be toxic when given by S 3 ^stemic 
routes. Intra-uterine dosages in excess of 0.2 mg./horn were increasingly 
toxic to the animals generallj’^ and also caused extensive vascular conges¬ 
tion in the uterus. Uterine horns exposed to 0.1-0.2 mg., however, dis- 
plaj'^ed a gross appearance indistinguishable from those of intact animals 
in proestrus, or of ovariectomized rats given estrogen. 

A time study utilizing the 0.2 mg. dose of 48-80 is depicted in Figure 2. 
Inulin was utilized in this experiment as a control for osmotic effects that 
might result from intraluminal administration of a complex substance such 
as 48-80. It maj" be noted that inulin at the 4 hour level caused a water up¬ 
take which was, however, significantlj" below^ that produced bj'^ 48-80 at 
the same time interval. Thus, a portion of the hj^dration produced bj' the 
histamine releaser may be an osmotic effect of the concentrations em¬ 
ployed. Nevertheless, uteri injected with 2% inulin or 1.8% saline showed 
no hyperemia or gross edema, in contrast to those exposed to 48-80. 

An effort was made to block with cortisol the uterine hj^dration induced 
by Compound 48-80. Concomitant administration of intra-uterine 48-80 
(0.2 mg./horn) and of 3.5 mg. of cortisol acetate per 100 gm. of body weight 
via the saphenous vein resulted 4 hours later in a significant suppression 
(P <0.01) of the water uptake observed in the pre.sence of the histamine 
liberator alone (Fig. 3). For purposes of comparison, data depicting the 
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hydration response to intravenous estradiol (0.5 /ig./lOO gm, body weight) 
have been included in Figure 3. It should be mentioned that the same de¬ 
gree of edema at 4 hours was obtained b}^ introducing only 0.02 jug. (in 0.02 
ml.) estradiol-17|3 into the lumen of the uterus (not shoAvn in Figure). 

Exogenous histamine and uterine hydration 

Since local liberation of endogenous histamine through the action of 
Compound 48-80 elicited uterine hyperemia and water imbibition, it was 
deemed advisable to study the capacity of exogenous histamine to evoke a 
similar response. Accordingly, varying amounts of histamine dihydrochlo¬ 
ride were injected into the lumen of each uterine horn and the tissue as¬ 
sayed for water content 4 hours later. One mg. histamine/horn produced a 


Fig. 3. The cfTect of cortisol on the uter¬ 
ine hydration due to Compound 48-80. 
Saline and inulin controls arc shown crosr- 
hatnhed. ^Materials were injected both in¬ 
travenously (IV) and also directly into the 
lumen of each uterine horn (IL). Numbers 
beneath the bars arc dosages in mg./lOO 
gm. body weight for cortisol acetate (FA) 
and mg./horn for 48-80. Saline concentra¬ 
tions employed were 0.9% (IV) or 1.8% 
(IL); inulin concentration, 2%; estradiol 
dosage (EST), 0.5 pg./lOO gm. body 
weight. The height of each bar represents 
the average value resulting from the num¬ 
ber of determinations indicated by the en¬ 
closed figure. Positive portions ofthestand- 
.ard deviations arc shown. 

response maximum comparable to that induced by intraluminal 48-80 and 
approaching that elicited by 0.5 jag. of estradiol/100 gm. body weight, I.V. 
(Fig. 4). Cortisol acetate (2.5 mg./lOO gm. bod}’ weight, I.V.) given at the 
same time as the histamine depressed the histamine-induced water uptake 
to near control levels (Fig. 5). 

The influence of antihistamines on estrogen-induced uterine loater uptake 

A number of pilot studies had indicated that none of the 4 antihista¬ 
mines tested ■was effective in altering the uterine response to estrogen when 
the former w’ere given intravenously or intraperitoneally and under a vari¬ 
ety of conditions of pretreatment and dosage. When administered locally 
into the uterus, however, 2.0-5.0 mg./horn of Chlor-Trimeton (Table 1) 01 
2.5-5.0 mg./horn of Benadryl were found to be effective in substantial 3 
inhibiting water imbibition due to estrogen. The inhibitory action of Chlor- 
Trimeton was not mediated by increased secretion of anti-inflammatoiy 



2.5 3.5 ^ 

IL :SAL INUL SAL ' 48-00 0.2 " 



717 


May, 1969 HISTAMINE MEDIATION OF ESTROGEN ACTION 


Fig. 4. The effect on uterine water con¬ 
tent of increasing amounts of histamine 
dihj'drochloride injected into the lumen 
of each uterine horn. Each point repre¬ 
sents the mean + the standard deviation of 
values obtained from 4 animals sacrificed 
4 hours after injection. 



M6 . HISTAMINE/UTERINE HORN 


adrenocorticoids since the antihistamine was equall}’^ effective in the ab¬ 
sence of the adrenals (Table 1). 

Pyribenzamine and Neo-Antergan were ineffective in the above men¬ 
tioned dosages. The toxicity of these last named compounds was such as to 
preclude testing in amounts greater than 5.0 mg./horn. The antihistamine 
experiments involving intrauterine administration over the 2.5-5.0 mg. 
range are summarized in Figure Q. 

Benadryl (I) and Chlor-Trimeton (II), found active in blocking the 
water response, differ structurally from Pjwibenzamine (III) and Neo- 
Antergan (IV), found ineffective, in that the former group does not con¬ 
tain the intercyclic N atom common to the latter (Fig. 7). 


pH of substances administered 

At concentrations emploj^ed in the experiments, histamine and 48-80 
were in the acid range (Table 2). The hyperemia and edema which resulted 


Table 1. The influence of Chlor-Trimeton maleatb on uterine water imbibition 
IN adult, ovariectomized rats 4 HOURS following estrogen administration 


Experimental conditions 

No. of 

determinations 

% uterine 
water 

A. Saline —0.5 ml. isotonic/100 gm. body wt,, I.V. 

Saline, 0.02 ml. (1.8% instilled into lumen of each 
horn at same time as I.V. saline. 

4 

79.5±0.2t 


B. Estradiol-176 —0.5 /ig./lOO gm. body wt., I.V. 

Solution instilled into lumen of each horn at same 
time as intravenously administered estrogen; 


Saline, 0.02 ml. (1.8%)/horn 

12 

84.1+0.7 

Chlor-Trimelon, 0.5 mg. (0.02 ml.)/horn 

4 

83.7+0.4 

Chlor-Trimelon, 1.0 mg. (0.02 ml.)/horn 

4 

84.2+0.6 

Chlor-Trimeton, 2.0 mg. (0.02 ml.)/horn 

5 

82.6+0.8* 

Chlor-Trimeton, 2.5 mg. (0.02 ml.)/horn 

4 

82.0+0.9** 

Chlor-Trimeton, 5.0 mg. (0.02 ml.)/horn 
Adrenalectomized just before injections: 

4 

81.4 + 1.7* 

Chlor-Trimeton, 2.5 mg. (0.02 ml.)/horn 

4 

81.4+0.5** 


** P <0 001 pompared to the I.V. estradiol-intraluminal saline group, 
t Mean + standard deviation. 
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Fig. 5. The influence of intravenous cor¬ 
tisol on the increase in uterine water pro¬ 
duced by the intrauterine administration 
of iiistamine. Numbers Ircncatli the bars 
ref(!r to dosage in mg./lOO gm. body 
weight for cortisol acetate (FA) and mg. of 
the, dihyrlrochloride per uterine horn for 
lustamine (IIIST.). Intraluminal saline 
(SAL) as in Figure 3. The height of each 
i)ar is determined by the average value re- 
sidting from the number of determinations 
indicated within the bar, Po.sitive portions 
of the standard deviations are shown. 


from the administration of those compounds cannot, however, l^e attrib¬ 
uted to an acid environment since injection of phthalate-HCi buffer pH 
3.1 (Table 2) produced no .significant, hydration changes from routinely ob¬ 
served control levels in the organ (cf. Figs. 1-6; Table 1). Furthermore, 
the two most acidic antihistamines were tliose found to Ire active in vthtb- 
iting the water inhibition due to estrogen. 

DISCUSSION 

Earlier data presented from these laboratories revealed that uterine 
histamine concentration in the rat is under estrogenic control (1). Deple¬ 
tion of histamine in sihi was found to lie associated with the onset of hyper¬ 
emia and the imiriirition of water in the uterus of the ovariectomized rat 
treated 4 hours earlier with estradiot-17)3. It was further shown that endog¬ 
enous estrogen scci'etion in the intact rat was similarly capable of exert¬ 
ing a histamine-lilierating influence in the uterus (1). 


Tabuk 2. ])TI or iNTu.\i.rMiN.\m.Y .vuMiNiwrEUim .agents 


Compound 

Concentration, 
mi;, per 

0.02 ml.' 

pll 

I'lfTective in 
depressing 
uterine H>0 
resjronsc to 
e.stradiol 

% uterine 
H;0 

Pvribenzamine IICl 

2.5 

G.4 

— 


Xeo-Antergan maleate 

2.5 

5.2 

— 


Chlor-Trimeton maleate 

2.5 

5.0 

-1- 


Benadryl IICl 

2.5 

3.9 

4- 

_ 

Histamiim dihvdroehloride 
48-80 

Phthalate-IICl hulTer 

1.0 

0.2 

0.02 ml. 

3.S 

3.1 

3.1 


S3.3+0.G' 
83.7+0.S 
SO.O+O.G’ 


' Coneentiation and volume instilled iuio each uterine horn in experiments d-serib 


the text. 

“ Mean+.standard deviation. 

’ P <0.001 (compared to the v.aluc for hi-.tamine or 4S-S0). 
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The present report extends these findings and provides additional sup¬ 
port for the view proffered earlier (1) that the acute changes in the vascu- 
larit 3 " and capillaiy permea)>ilit 3 ' of tlie utei'us in response to estrogen are 
mediated b 3 '- the histamine lil^erated m situ in the presence of the hormone. 
Histamine or a histamine liberator (Compound 48-80) administered b 3 ' 
uterine instillation promotes striking estrogen-like effects in the aljsence of 
the hormone. Thus, local vasodilation, ly-peremia and water imbibition, 
characteristic earl 3 ^ uterine responses to estrogen action, have been repro¬ 
duced under these conditions. 

These data strong^' suggest participation of histamine or related ma- 

Fig. 6. The influence of antihistaminic 
compounds on the uterine water response 
to intravenous estradiol. Antihistamines 
were given 4 hours before sacrifice directly 
into the lumen of each uterine horn (IL). 
Stippled bars represent saline or estradiol 
controls in dosages and concentrations in¬ 
dicated in Figure 3. In the remaining bars, 
the total height (clear plus cross-hatched 
portions) of each represents the effect on 
uterine water of 2.5 mg./horn of the anti¬ 
histamine indicated; clear portion only, 
response to 5.0 mg./horn. Na refers to Neo- 
Antergan maleate; PYR, Pvribenzaminc 
HCh BEN, Benadryl HCl; CT, Chlor- 
Trimeton maleate. The number of deter¬ 
minations for eacli group appears within 
eacli bar. Positive or negative portions of 
the standard deviations are shown. 

terials at a priraaiy stage in the action of estrogen at the target organ. In 
this connection a possible role for other naturall 3 ' occurring substances 
with similar functions should not be excluded from consideration. Sero¬ 
tonin (5-h3'drox3"-tiyptamine), for example, promotes h 3 'peremia and 
edema formation, especially in the rat, and is depleted from tissues along 
with histamine b 3 " “liberators” of the latter (3, 5). 

Isolated findings, suggestive of local histamine mediation in uterine re¬ 
sponses to estrogen, have appeared in the literature from time to time. 
Holden (6) had suggested in 1939 tliat estrogen action may' be mediated 
by a histamine-like substance Avhen he found that histamine relieved 
uterine vasoconstriction produced by a variety of agents. Daily parenteral 
injections of 200 pg. of histamine for 8 day's produced in the vagina of the 
intact rat a histological picture characteristic of pro-estrus and estrus (7). 
Similar results were reported by Champy, Coujard and Demay (8) on 
chronic instillation of epinephrine, histamine or choline directly into the 
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vagina of guinea pigs. Intra-uteiine administration of histamine in ih& 
rabbit induced morphological changes typical of those elicited by estrogen 
treatment in the presence of progesterone (9). Given with estrogen over a 
5 day period, histamine or acetylcholine enhanced the effect of the steroid 
in producing an increase in uterine weight (10). Evidence militating against 
a role for acetylcholine as a natural mediating suirstance in re.sponses to 
estrogen has been summarized elsewhere (1, 11). 

The blockade of estrogen-stimulated hyperemia and water accumulation 


PH 

H^0-CH2-CH2-N;^ 2 • H cl 

CH3 

(I) 




^CH3 CH-COOH 
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HoC-N-CHo-CHp-N ♦ HCL 

^CH3 

^ (in) 

0-CH3 
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HpC-N-CHp-CHo-N . II 

CH-COOH 

U (m 


Fig. 7. Striictiirc-s of the antihistamines 
used in the studies summarized in Figure 
fi. Compound I is Benadryl FIC1;II, Chlor- 
Trimeton maleate; TIT, Pyribenzaminc 
IICl; IV, Neo-Antergan maleate. Com- 
pouiuls I and II were effective in blocking 
the uterine water response to estradiol 
whereas III and IV were ineffective in the 
dosages employed (see te.xt). 


b}’- antihistaminic compounds demonsi.rated in the present studies is con¬ 
sistent with the postulated function for histamine in mediating estrogen 
action. The significance of the apparent structural requirement for effec¬ 
tive antagonism of these early re.sponses to estrogen cannot be stated at 
this time. 

Reports from other laboratories of e.xpeidments employing anti-his- 
taminic compounds, support the present lyypothesis. Neo-Antergan, given 
dail}^ for 8 daj'S into the intact rat, resulted in a quiescent vaginal mucosa 
characteristic of di-estru.s-metestrus (7). Though ineffective when either 
was admini.stered alone, Phenergan and an anti-cholinergic drug injected 
together prevented estrogen-stimulated estrus in ovariectomized rats (12). 
Also, Pyribenzamine diminished the potentiating effect of histamine on 
estrogen in the uterus (10), although that antihistamine was found to be 
ineffective in blocking the C3mlic rhjdhm of blood flow in endometrial trans¬ 
plants (13). 

Other studies have centered about the possible participation of histamine 
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in the phj^siology of implantation and pregnancJ^ Shelesnj^ak has shown 
that antihistamines inhibit oAmm implantation and the decidual response 
of pseudopregnancj”^ (14), results also obtained in the rablrit by Chambon 
and Lefrein (15). Sulman (16) could not confirm the interference with nida¬ 
tion, however, in the mouse. Antihistamines were in addition found by 
Shelesnyak to interfere with normal pregnancy in the rat and mouse (14), 
whereas histamine applied topicall 3 ^ to the rat uterus actuall}" stimulated 
deciduomata formation without the necessity of mechanical traumatiza¬ 
tion (14, see also 9). Shelesnj^ak has postulated histamine participation in 
normal ovum implantation and formation of decidua (14). Any hj^pothesis 
implicating histamine in the initiation or maintainance of pregnancy', how¬ 
ever, must eventuallj'^ be integrated with the findings that histaminoljdic 
activit}" was observed to be greatl}" inci-eased in pseudopregnant utems 
(17), in placenta (17, 18), and in plasma (19) and uterus (17) of pregnanc 3 \ 

The 11-oxy, 17-h3"droxycorticosteroids are knovm inhibitors of estrogen 
action in vivo (20, 21 ). Szego and Roberts have proposed two alternative 
mechanisms for this steroidal interaction ( 11 , 21 ). Of these, competition 
by the two classes of steroid for sites on protein molecules essential for 
steroid hormone transport, or at the target organ itself, is supported by in 
vitro data (22, 23). The suggestion was also advanced b 3 " these workers 
that the cortisol-estrogen antagonism exhibited could well have been a re¬ 
flection of the mutuall 3 ^ opposing influences of these steroids on uterine 
permeability (11, 21, 24). 

The present data, while the 3 " do not support or refute the competitive 
inhibition h 3 ^pothesis, do provide support for the alternative mechanism 
of antagonism of the two steroids, at the level of some permeabilit 3 ^ phe¬ 
nomenon involving the uterine vasculature. Results presented elsewhere 
have shown that cortisol prevented the increases in sodium (25) as well as 
in fluid which normal^ occur (20, 21 , 25) in response to estradiol alone. In 
the present studies, intravenousl 3 " administered cortisol was also seen to 
diminish uterine h 3 ^dration produced 63 ’ local instillation of a histamine re¬ 
leasing agent or of histamine itself. In the light of these observations it 
would seem reasonable to suggest that cortisol does not interact directty 
with estrogen under the conditions described. Rather, it appears to do so 
secondaril 3 ^ b 3 " diminishing the vasodilation and accompan 34 ng edema 
attributable to the histamine released b 3 ' estrogen. Such a mechanism 
M'ould explain the finding that cortisol when administered concurrentl 3 ' 
M'ith estrogen did not prevent the estrogen-induced release of histamine, 
although it did eliminate the other mea.sured responses to estrogen ( 1 ). 
These views are consistent with findings that vasodilation (26, 27) and ac- 
compaityng increase in capillaiy permeabilit 3 ’ (28, 29) and other reactions 
resulting from histamine liberation or injection in extra-uterine tissues, 
can be diminished or prevented b 3 ' the administration of cortisone-libe 
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adrenal steroids (28, 30-35). Thus, cortisol appears to mimic the action of 
the effective antihistamines studied hy antagonizing liistamine at its site 
of action. The present results are therefoi'e in harmony with what is known 
of the action of IToxy, 17-hydroxycorticosteroids in promoting a non¬ 
specific increase in capillaiy re.si.stance (33, 36-38). 

It appears increasingly evident that histamine intrinsic to the uterus has 
one or more functions in the physiology of the pregnant and non-pregnant 
organ. The extent to which these functions may be interrelated is of funda¬ 
mental importance. It is not unlikely that the vasodilatory property of 
histamine, leading to increased permeability of the capillary bed, is basic 
to all mechanisms involving tlm amino in tlie uterus. 

A cl'? 70 wlcdg 7 nen is 
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CORRELATION OF RADIOIODINE UPTAKE WITH THY¬ 
ROID WEIGHT IN THE MOUSE AT VARYING 
LEVELS OF EXOGENOUS AND ENDOGENOUS 
THYROTROPIN STIMULATION^ 

MONTE A. GREER 

Division of Endocrinology, Department of Medicine, University of Oregon, 
Medical School, Portland, Oregon 

ABSTRACT 

Previous studies have sliowii tliat traj)splantijig the pituitar}- to the anterior 
ocular chamber in mice alters its aiiility to stimulate the thyroid gland. Radio- 
iodine metabolism is well maintained whereas thyroid weight falls to the hy- 
pophysectomy level. Clironic ijropylthiouracil treatment in such animals 
causes a marked increase in thyroidal radioiodine u))take but minimal increase 
in thyroid weight. In similarly treated normal controls both radioiodine metab¬ 
olism and thyroid weight are greatly increa.sed. These observations provided 
further evidence that sejjarate "growth” and "metabolie” thyrotropins might 
e.xist, the growth factor requiring direct contiguity of the pituitary with the 
hypothalamus for adequate secretion. 

Since it was possible that radioiodine uptake might be more sensitive to 
small amounts of a single thyrotropin than tliyroid weight, the quantitative 
response of these two parameters to both exogenous and endogenous thyro¬ 
tropin was compared. Radioiodine uptake was found to reach a maximum with 
a considerably smaller dose of TSH than did tl^-roid weight. The present results 
indicate that the data previously obtained in mice with heterotopic pituitaries 
can be explained within the classic framework of a single thyrotropin. 

P REVIOUS studie.s in rats with Iiypothalamic lesions (1, 2, 3) and mice 
with heterotopicalL' located pituitaries (4, 5) have indicated that these 
procedures alter the ability of the hj'pophysis to stimulate the thyroid 
gland. Radioiodine metabolism, as indicated by the tlija-oid/serum (T/S) 
iodide ratio and th 3 'roidal radioiodine uptake, is well maintained whereas 
the ability" of the thyroid to grow in response to chronic antithyroid drug 
administration is largely lost. 

Investigation of the dichotomy' thus produced suggested that there 
might be two separate th 3 n'otropic factors secreted b 3 " the pituitary, one 
stimulating thyroidal iodine metabolism and one stimulating thyroid 
growth (2). The original studies in the rat showing this divergence of effects 
primarily utilized the T/S ratio as an index of iodine metabolism but sub¬ 
sequent work has shown that this parameter is affected to a considerable 
degree b 3 ' factors other than TSH (6, 7). In addition, more recent studies 
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in the rat have shown that certain hj'pothalamic lesions depress radioiodine 
uptake and thyroidal secretion rate as well as thyroid growth (8,12). Thus 
evidence is accumulating that it may be unnecessary to postulate the secre¬ 
tion of more than one thyrotropin. 

However, the changes produced in thyrotropic activity by transplanting 
the pituitary to the anterior ocular chamber in mice have not yet been 
satisfactorily explained on the basis of a single th 3 Uotropin (4, 5). In such 
animals the thyroid and other target endocrine glands atroph 3 ' to the same 
extent as in completely hypophysectomized mice. In spite of the consider¬ 
able reduction in th 3 u-oid size, the radioiodine uptake and T/S ratio of the 
animals with heterotopic pituitaries are maintained at an approximatel 3 '- 
normal level. Chronic propylthiouracil (PTU) administration, which pre- 
sumabl 3 ' causes a greatl 3 ’^ augmented secretion of TSH due to a lowering of 
circulating thyroxine, will result in augmentation of both the iodide-con¬ 
centrating mechanism and organic binding of iodine (after stopping PTU 
for 2 da 3 ^s to allow its excretion). Mice with heterotopic pituitaries under 
these conditions have a considerably greater absolute level of radioiodine 
metalDolism per unit thyroid weight than do similarl 3 '^ treated normal con¬ 
trols. In contrast, chronic PTU treatment induces a 3-4 fold increase in 
th 3 uoid weight of normal controls whereas only a slight increase in th 3 Toid 
weight results from this treatment in mice with transplanted pituitaries. 

Although such results were believed best explained by postulating sep¬ 
arate “growth” and “metabolic” thyrotropins, the growth factor requiring 
direct contiguity of the pituitary with the hypothalamus to be elaboi’ated 
adequately, other explanations were possible (11). The present stud 3 ’' was 
undertaken to see if there might be a difference in the sensitivity of the 
growth and metabolic responses of the mouse thyroid to both exogenous 
and endogenous th 3 uotropin. If the radioiodine uptake were found to have 
a significantl 3 " lower threshold, this would obviate the necessit 3 " of assum¬ 
ing the existence of more than one TSH. 

MATERIALS AND METHODS 

Female Swiss albino mice weighing approximatelj’ 20 gm. were used in all experiments. 
In studying the effect of exogenous thyrotropin, the animals were hypophj’sectomized 
by the parapharyngeal route one week prior to beginning the TSH injections. Parke, 
Davis thyrotropin (lot 50-P4), containing approximately 2 U.S.P. units per mg., was 
used in all experiments where exogenous TSH was given. Each dose was dissolved in 0.4 
ml. physiologic saline and given subcutaneously once daily at rotated sites. To studj' 
endogenous thyrotropin secretion, animals were fed a diet containing 0.15% propj-lthi- 
ouracil for three weeks and injected intraperitoneally once daily with graded doses of 
sodium L-thyroxine dissolved in 0.2 ml. saline. Propylthiouracil was removed from the 
diet two days before autopsy to allow excretion of the drug. .4 Remington low iodine 
diet was fed except where otherwise indicated. 

The animals were killed by exsanguination 44 hours following the intraperitoneal ad¬ 
ministration of 0.2 pC. I”‘ in 0.2 mi. physiologic saline. The thx-roids were removed under 
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TaTILK 1. HyI’OI’IIYSECTOMIZEI) mice r.IVBN EXOGENOUS TSH 



Dose 

o! 

TSII 

(lUR.) 

No. 

Body 

1 Thyroid rveipht 

1 4) hr. I'Ji uptake 

% up- 
fake/inE. 
thyroid 

Exp. 

of 

animals 

wcifilit 

(riu.) 


% normal i 
controla ' 

1 

% dose 

% normal 
controls j 

I 

5 


lO.fite.o 

4.11±1.81 

138.8±C1.1 

32.8±0.1 

105.2±30..30 

0.1 •h2.fi 


2 1 


10.a ±1.0 

4.28±1.00 

144.7 ±33.8 

34.2±1.4 

203.4± 8.10 

8.0 + 1.7 


0.5 


19..’)±0.G 

.3,10 ±0..30 

104.0±12.2 

21.4±4.8 

127.5 ±28.70 

6.8 + 1 fi 


0.2 

n ! 

in..a±n.3 

2.28±0.31 

70.8± 10.0 

8.0±2.9 

51.0± 17.50 

3,6 + 0.9 

1 

0 ! 
Normal ; 

mm 

18.0±l..') 1 

1.78 ±0.27 

C0.2± 9.1 

0.4±0.1 

2.4± 0.50 

0.2±0.0 

i 

Controls 1 


25.0±1.5 

2.05 ±0..34 

100.0 ±10.0 

10.8±1.1 

100.0± 1,40 

G.2±1.3 

II 

1 

4 1 

17,3±0.5 1 

.3..3.3±0.80 

142.4±34.3 

42.8±0.3 

147.8±21.00 

13.7±2.0 


2 1 

6 1 

17.0 ±0.8 1 

2.10±0.24 

80.7±10.3 

21.4±4.9 

73.9±10.80 

10,2±1.9 


0.,'; 

8 

17.n±0..'5 

2.00 ±0.12 

80.4± 5.1 

21.0±1.0 

75..5± 0.40 

1 10.5±0.7 


0.2 

7 

17..'i±0.5 

1.04 + 0.00 

09.0± 3.8 

14.0±4.9 

50.9±ie.60 

8.6±2.2 


0 1 
1 Normal 

4 

10.3±0.6 1 

1.02±0.20 

82.1±n.O 

0.5±0.I 

1.5± 0.23 

0.3±0.1 


Controls 1 

0 

21.0±0..S 

2.34 + 0.28 

100.0±12.n 

20.0±2.G 

100.0± 8.00 

13,6 + 2.5 


Results expressed ns menu and stnndnrd error. Indicnlcddose of TSII Riven once daily for 7 days,animals autonsied 
on 8tli day. 


a 6 X disspcting scope and \vei}i;lu'd on a Sartorious torsion microiialancc with a sensi¬ 
tivity of 0.01 mg. Following weighing, the glands were idaccd in test tubes eontaining 2 
ml. of water and counted in a scintillation well counter having a sensitivity of 10® 
cpm/;iC. Completeness of hyiiophvsectomy was checked by examination of the sella 
under lOX magnification at autopsy. Any animals with fpiestionable pituitary remnants 
were discarded. 

RESULTS 

A. Exogenous Thyrotropin: The results are summarized in Table 1 and 
Figure 1. As lias often iieen noted previously, hypophysectomy resulted in 
a much greater decline in radioiodine uptake than in thyroid weight. Un¬ 
fortunately, because of our limited supplj^ of thyrotropin and the insensi- 



Fig. 1. TSH given to hypophyscctomizcd mice. Graphic plot of data in Experimen ^ 
Figures in parentliesos refer to number of animals. Since only 2 mice survived in ic 
group receiving 5 mg. TSH, this group was not plotted. 
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tivit}' of the thjo-oidal response, it Avas not possible to obtain a maximal ef¬ 
fect from even the largest dose of thiTotropin given. Even Avith the sub- 
maximal response, hoAA’eA'-er, it is apparent that a steeper dose-response 
slope AA^as obtained AA’ith radioiodine uptake than AA-ith thjuoid AA’eight. 

B. Endogenous Thyrotropin: The results are summarized in Table 2 and 
Figure 2. using A^ar 3 dng doses of thj'roxine in combination AA'ith amounts 
of prop^dthiouracil Avhich Avould assure as complete inhibition of thju'oxine 
sjmthesis as could be obtained, it Avas possible to control the rate of secre¬ 
tion of endogenous tluu'otropin oAmr as AA'ide a range as desired. The steeper 
dose-response slope of radioiodine uptake obtained AAuth exogenous thju-o- 
tropin AA’as confirmed AAuth endogenous TSH. In addition, it Avas found that 
AAdth the faster rate of increase of the radioiodine uptake this parameter 
reached a plateau AAuth a dose of thj'^roxine at least 3 times as large as that 
used AAdien a plateau in thju-oid AA^eight AA'as reached. This indicated that a 
much smaller amount of circulating thjTotropin caused maximal radioio¬ 
dine uptake than Avas required to produce maximal th3uoid Aveight. 

It is of interest that an “overshoot” AA’as produced at the beginning of 
the radioiodine uptake plateau (Fig. 2). Once the dose of th 3 ’roxine had 
been reduced to a point AAdiere the uptake liad increased sufficient^" to 
equal that of the PTU controls, a further reduction in tl^’roxine dosage 
Avould consistentl3" result in an increase in radioiodine uptake aboA^e that 
seen in the PTU controls. As the dose of th 5 "roxine Avas reduced to zero, the 


Table 2 PTU-fed mice given graded doses of tha-romve 



Dose 

No 

of 

ani¬ 

mals 

Bodj 

Th> raid w eight j 

hr I'®' uptake | 

% up- 

Exp 

of 

thj roxin 

weight 
(mg ) 

(nig) 

% PTU 
cont 

% Dose 

; % PTU 

cont 

' fake/ing 
thjroid 

III 


7 

20 6 + 1 72 

' 1 83±0 11 

20 0± 1 20 

0 47 + 0 09 

1 1 7+ 0 50 

0 26 + 0 08 


5 

' 7 

20 9 + 1 29 

2 17i:0 20 

23 7+ 2 20 

0 50 + 0 04 

1 8+ 0 15 

0 24 + 0 03 


1 2 

7 

21 9 + 0 86 

2 39 ±0 51 

27 7+ 5 30 

9 40 + 4 80 

32 9 + 16 70 

2 87 + 0 93 



7 

21 6 + 1 28 

7 00 ±0 98 

76 2±10 70 

35 60 + 4 90 1 

124 5± 16 90 

6 28+1 71 


0 1 
Purina 

■ 

22 4+0 71 

9 15±0 69 

100 0± 0 13 

28 60±1 56 1 

100 0+ 0 42 

3 24 ±0 29 

1 

Controls 1 
L I 

Controls! 

5 

24 9 + 1 70 

1 98 ±0 13 

21 6± 1 40 

2 20±0 42 i 

7 7± 1 40 

I 12±0 23 


6 

21 7+1 33 

2 99 ±0 88 

32 7± 9 60 

23 40±5 50 ' 

81 9+19 20 

10 43±3 85 

IV 

5 

8 

24 0 + 0 44 

2 43±0 11 1 

21 5+ 1 00 1 

3 90 ±0 90 

6 4+ 1 50 

1 60±0 31 


2 


21 3 + 1 00 i 

4 53+0 74 1 

40 1 ± 6 50 1 

38 30 + 8 20 

62 7+13 40 

8 45 + 2 40 


1 

7 , 

21 6 + 0 79 1 

10 50 + 0 62 1 

92 8+ 5 50 ; 

85 70±1 10 1 

140 3+ 1 70 

8 16±0 48 


0 7 

8 

22 6 + 0 69 

11 92±0 87 1 

105 4 ± 7 70 , 

82 50 + 2 40 , 

135 0± 4 00 

6 92 + 0 66 


0 5 

s 

21 0±0 81 

12 59 ±1 40 i 

111 4±12 50 

65 SO ±4 60 

107 7+ 7 50 

5 23 + 0 45 


0 2 

s 

20 S + 0 50 

10 70 ±0 97 

94 6+ 8 60 

61 50+5 40 

100 7+ 8 SO 1 

6 26 ±1 23 


0 

LI 

Controls 

s 

20 0±0 56 

11 31±I 10 

100 0+ 0 83 

61 10±2 10 

100 0+ 2 13 

5 40 + 0 32 


8 

22 S±0 81 

3 57±0 30 

31 6+ 0 50 

53 90 + 2 SO 

SS 2± 4 60 

15 10 + 1 27 

V 

5 

n 

19 2±0 38 

1 83 ±0 10 

23 2+ 1 30 

2 40 + 0 40 

4 3-^ 0 SO 

01 40 + 0 30 


3 

11 

19 4+0 50 

2 38±0 37 

30 2+ 4 70 

15 80 + 4 50 

28 0± 7 90 

05 GO+1 20 


2 

11 

20 0±0 33 

3 34 ±0 28 

42 5+ 3 40 

49 80 + 6 40 

SS 1±10 40 

13 80+1 00 


1 5 

10 

17 9+0 75 

4 27 ±0 64 

64 2 + 8 10 

61 20+ 8 70 

lOS 5+13 60 

15 30 ±2 60 


1 

10 

18 3±0 60 

4 S4±0 46 

61 5+ 5 90 

63 50 + 6 40 

112 6+11 00 

13 50+1 30 


0 7 

7 

20 7 + 0 50 

5 81 ±0 65 

73 8+ 8 30 

03 80 + 5 70 

113 1 + 10 20 

09 10 ±0 SO 


0 5 

0 

19 3±0 50 

7 21+0 6t 

91 6+10 00 

58 S0±3 50 

104 3+ 6 30 

09 00+1 30 


0 

s 

19 1±0 6S 

7 87 + 0 69 

100 0 ± 8 SO 

56.40±2 70 

100.0± 4 SO 

1 or so +0 70 


Result*! expressed ns mcTn and standard error Indicated dos« of thiroxine gnen dailj. Purina controls AAtro fed 
Purina fo\ checkers \11 groups an ere fed propA Ithiouracil in the diet e.xc’*pt the Purina controls and lou lodmc controls 
All nnminls except the Purina controls were fed a Iona iodine diet PTU Cont =aniinals fed the low iodine PTU die 
but did not rccenc tlnroxmc L I Controls ^animals fed low iodine diet Neither the Purina nor Ionn iodine control 
groups rccciNcd thjroxine 









Doily Dose Thyroxine ~r 

Pio. 2, Tliyroid wciglifc vs. uptake in PTU-fed mice adinini-storcd tliyro.xine. Graphic 

plot of data in Experiment V. 


iodine uptake would fall to the .same level obsei-ved in the PTU controls. 
The height of the overshoot was maximal at a daily dose of 0.7~1.0 pg. 
thyroxine. 

DISCUSSION 

The results obtained in t hese experiments support the concept that the 
high radioiodine uptake with little thyroid growth response exhibited by 
mice with heterotopic pituitaries may be due to a greater sensitivity of 
thyroidal radioiodine metabolism than thyroid growth to small amounts 
of thyrotropin. If both growth aird iodine metabolism were equally sensi¬ 
tive, one would expect that both parametei's would reach a plateau at the 
same level of thyrotropin. If one were more sensitive, its plateau would be 
expected to begin at a smaller dose. The data recorded here clearly indicate 
that a plateau was first reached with radioiodine uptake. 

In some of the earlier experiments in mice with heterotopic pituitaries 
(5), chronic prop.ylthiouracil treatment produced an absolute increase in 
the radioiodine uptake per unit thyuoid weight of such animals Avhich was 
4-fold greater than that produced in similarly treated normal controls. 
Failure to achieve this level in the present experiment is more likely due to 
to individual variations in the animals than to a qualitative difference ni 
the respon.se. Not all groups of mice with pituitary transplants previously 
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s:udied «5) achieved a 4-foId greater uptake per unit tliyroid weight than 
Tiidr controls. It is of interest that in the present experiments the highest 
I-* - uptake mg. thyroid occurred in animals receiving low iodiite diet alone. 

The "overshoot" of the radioiodine uptake with increasing amonitts of 
endogenous TSH was seen consistently in all experiitients. although its sig- 
niScance is not clear at this time. It possibly suggests further the negative 
feedback control system by which the level of circulating thyroxiite regu¬ 
lates TSH output, overshoots of this nature being characteristic of “servo" 
mechanisms. Another possible explanation is that a small amount of thy¬ 
roxine may enable the pituitary to secrete more TSH than it does in the 
complete absence of thyroxine. Such a concept is supported by previous 
evidence in human myxedema wJiere the urinary or blood levels of TSH 
are transiently increased after the initiation of tJierapy with thyroid lior- 
mone (9, 10). 

Otu: interpretation of the present results is that they add to a growing 
body of evidence suggesting that tlie apparent divergence of various 
parameters of thyroid function under certain conditions may more likely 
be explained by different thresholds of the individual processes to a single 
tlm-otropin than that more than one thyrotropin is involved in their con¬ 
trol. It is worth noting, however, that Florsheim (8) has recently found 
that tln'roidal radioiodine uptake and protein-bound iodine can be sup¬ 
pressed in the rat by hypothalamic lesions which do not prevent thyroid 
hj'pertrophy due to administration of antithyroid drugs. Since this is the 
converse of the present findings, the possible existence of more than one 
thyrotropin has not yet been finally excluded. 

Ackiwwicdgnicnf 

I am indebted to Miss Sanowar Barn for valuable teelinieal as.^isfanee. 

REFEREXCES 

1. Greek, M. .A..: Proc. Soc. Ea-per. Biol. A Med. 77: 003. 1051. 

2. Greer. AI. J. Clin. Endocrinol. 12: 1259, 1952. 

3. Bogd.^xove, E. AI. .\xn X. S. H.vlmi; Endocrinologi/ S3: 27-1. 1953. 

4. Greer, M. A., It. 0. Scow .\xi) C. Grodsteix: Proc. Sor. E.rpvr. Biol. A Med. 82: 

2S. 1953. 

5. Scow, R. 0. .AX'D AI. A. Greer: Endocrinology 56: 590. 1955. 

6. X. S. .\XD B. X. Spirtos: Endocrinology 55: 013. 1954. 

7. V.\XDERL.v.vx. W. P. .A.N1) R. C.4PL.\x: Endocrinology 54: 437. 1954. 

S. Florsheim, W. H.: Endocrinology 62: 783. 1958. 

9. St.\rr, P., R. W. R.\wsox, R. E. Sm.^lle.y, E. Doty .\ni> H. P.\uro\: irr,<;/.7. Burg. 

47: 05. 1939. 

10. Gillil.yxd, I. C. .A.XI) J. I. Strudwick: Brit. Med. d. 1: 378. 1950. 

11. Greer, M. .4.: Recent Progress in Hormone Research 13: 07. 1957. 

12. D’.Vngelo, S. .4. .VXD R. E. Tr.^u.m; Endocrinology 59; 593. 1950. 




FUNCTIONAL ZONATTON OF TPIE ADRENAL CORTEX- 
PATHWAYS OF CORTICOSTEROID BIOGENESIS 

JANINE STACHENKO and CLAUDE J. P. GIPOUD’ 

Endocrine licscarch Laboralory, The Montreal Children’s Jlospilnl and Department 
of Investigative Medicine, McGill University, j]Iontrcnl, Canada 

ABSTRACT 

Direct proof tliat aldostorono is irrotluccd b.v tlic glomerulosa of beef and rat 
adrenals has recently been jjrovkled. In tbe present investigation, the functional 
zonation of beef adrenal cortex' has been further studied in vitro. 

When progesterone, dcsoxycorticosterone and corticosterone are added to 
the incubation media of beef adrenal slices tliey are metabolized in radically dif¬ 
ferent ways depending on whetlier the slices originate in the glomerulosa (G) or 
in the fasciculata-retieularis (F.R.)- th** presence of tissue taken from G these 
steroids increase the production of aldosterone. 

Dcsoxycorticosterone increases tiie formation of corticosterone both in G 
and F.R. Progesterone enhances the j)roduction of hydrocortisone in F.R, only, 
whereas it increases corticosterone and aldosterone jjrodiiction in G. 21-11}'- 
droxypregnenolone increases the production of aldosterone in G and that of 
corticosterone in both G and F.R, ITa-hydro.xyjirogcsteronc and 17a- 
h}'dro.xy-l l-deso.x}'corticostorone markedly enhance flic production of hydro¬ 
cortisone in F.R. and lead to the formation of this compound in G where nor¬ 
mally it is not formed. Progi'sterone, dcsoxycorticosterone and corticosterone 
increase the production of aldosterone by G to the same extent. 

These findings jirovide indirect evidence for an enzymatic specificity within 
the different types of cortical cells which is responsible for the anabolism of dif¬ 
ferent types of hormones from a possibly identical precursor. Thus, the evidence 
tends to indicate the occurrence of 18-o.\ygenation in G but not in F.R., of 17- 
hvdroxylase activity in F.R. but not in G, and that of 3/3-dehydrogcnaso ac¬ 
tivity and 11- and 21-liydro.\ylasc activities in both. 

I NTEREST in the functional specificity of the different cellular zones of 
of the mammalian adrenal cortex arose from the inspiring investigations 
of Deane, Greep and collaljorators (1, 2, 3) who first correlated morpho¬ 
logical clianges of the adreiial cortex with changes in mineral balance, pitui¬ 
tary function, and carijohydrate metabolism. 

Although their conclusions were confirmed by a number of workers the 
validity of their methods, as well as the interpretation of their results, has 
been debated. Following extensive studies of mice adrenal cortex, Chestei 
Jones (4) concluded that in eutherian mammals the existence of the glo¬ 
merulosa is only due to the presence of a poorly elastic capsule of connective 
tissue and that this zone represents a ‘Smgetative back-water” of cortical 

Received August 20, 1958. 

* Holder of a Canadian Life Insurance Officer’s Association Fellowship. 
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cells. Ho^^^ever, the recent demonstration that aldosterone is exclusivel}’ 
produced the zona glomerulosa of beef and rat adrenals (5-S) has lent 
great support to the conclusion of Deane, Greep and their group. 

The aim of the following investigation is to pro^dde further evidence for 
the concept of “functional zonation” by demonstrating the existence of 
different pathways of corticosteroid biogenesis within the different cellular 
layers of the adrenal cortex. 

METHODS 

Incubation 

Beef adrenal glands were collected at the slaughterhouse within the hour following 
the death of the animals. The glands were dissected free of peripheral fat and bisected. 
The medulla was discarded. The corte.\, with the remaining connective tissue of the 
capsule, was cut into slices 1—1.5 cm. wide and 0.3-0.5 mm. thick. The zona glomerulosa 
was separated from the two inner cortical zones by cutting with a razor blade along a 
line of pigmented cells, visible to the naked ej'e, which was histologically proven to cor¬ 
respond with the innermost cellular layers of the glomerulosa (see Figure 1). The slices 
were then transferred into the compartments of a partitioned Petri dish, in a solution of 
0.9% sodium chloride. In each series of e.xperiments, the glomerulosa slices and their 
fasciculata-reticularis counterparts were evenh' distributed among the different groups 
of tissue to be incubated so that equall}' representative parts of the corte.x could contrib¬ 
ute to each group of tissue. From the time of collection at the slaughterhouse until the 
beginning of the incubation, an average period of three hours, the tissues were kept in a 
solution of 0.9% sodium chloride at 5 to 8° C—e.xcept for the time necessary to prepare 
the slices. Prior to incubation, the slices were decanted, gently blotted on filter paper to 
absorb e.vcess saline, and weighed on a torsion balance. Each group of slices was then 
transferred to a 50 cc. beaker containing 10 cc. of incubation medium per gram of tis¬ 
sue. The slices were incubated in Krebs Ringer Bicarbonate medium with added glucose 
(200 mg.%) (9, 10). This medium was always freshlj' prepared from concentrated mother 
solutions kept at 5° C and renewed every 4 months. The incubation was performed in a 
^Dubno ff Aletabolic Shak er Incubator in an atmosphere of o.\- 3 'gen—5% CO:, at 37 ± 1° C. 
The flow of gas and the shaking were regulated at 5 liters/minute, and 100 movements/ 
minute, respectivelj*. According to the method recommended bj- Saffran (10), the slices 
were pre-incubated for a period of half an hour, at the end of which the medium was 
renewed and the incubation (perse) allowed to proceed for 2 hours. When corticosteroids 
precursors were used, chosen amounts of these compounds, kept in methanol solution, 
were pipetted into a set of clean beakers. The methanol was evaporated off under a 
stream of nitrogen. The steroids .were redissolved in the Krebs Ringer Bicarbonate 
medium which, if necessarj', was slightK warmed to hasten the solubilization. The pre- 
incubated slices were then transferred to these beakers. At the end of the incubation, the 
media were collected and the slices rinsed a few times with small portions of distilled 
water. The rinsings were added to the respective incubation media. These were frozen 
until e.xtraction. In most e.xperiments 1.5-2.0 gm. of glomerulosa and 3.0-4.0 gm. of 
fasciculata-reticularis were used to make up individual groups of slices but up to three 
times these amounts were needed when the incubation was performed in the absence of 
added steroid precursors. 

Extraction 

The media were extracted first with twice, and then with once their volume of chilled, 
redistilled chloroform. Emulsions were broken down b.v centrifugation. The chloroform 
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extracts were pooled, filtered into round-bottom flasks so as to absorb residual traces of 
water, and evaporated to 2 cc. under vacuum at a water bath temperature of 50 ±2° C 
The concentrated extract was dried under nitrogen. In each set of experiments an ap¬ 
propriate volume of incubation medium was extracted to bo used eventually as a 
"blank.” 

Crude Exlracls 

In a number of experiments, aliquots of the crude lipid extracts were taken for quanti¬ 
tative analysis of total A''-3 kctonic steroifls at 2400 A (10), of total a-kctolic reducing 
steroids by the micro blue tetrazolium reaction of Genest (11) and of diiiydro-xyacetone 
steroids by the Porter-Silber reaction (12). These determinations were performed against 
proper aliquots of the incubation medium “blank” carried through the entire procedure. 
In most cases 1/20 of the crude lipid extract of each inculration medium was sufficient for 
each of these determinations. 

Chromatographij 

All chromatographic developments were done at room temperature (25 + 2° C), 
after overnight equilibration for tlie system of Bush (13), and after 12 liours equilibra¬ 
tion at 35° C, in a constant temperature cabinet for the system of Ebcrlein Bongio- 
vanni (14). Detection of the steroids on the chromatograms was achieved by direct 
visualization and/or contact photography under ultraviolet light. If elution of the ster¬ 
oids was not performed, the combined blue or triphenyltetrazolium NaOH fluorescence 
reaction (15) was developi'd on the paper. I’lie crude lipid extracts were in all cases sub¬ 
mitted to a first chromatogra))hy in tlie system B5 of Bush (benzcne-methanol-water, 
2:1:1) over a period of 4 to 5.5 hours. 

Partial Identification 

Partial identification of aldosterone, hydrocortisone, and corticosterone was achieved 
b}' assessing their respective chromatographic mobilities in the system prop.vlcneglycol: 
toluene of Zaflaroni (IG). in the system C of Bush and in the system E”B of Ebcrlein 
Bongiovanni; by mixed chromatography with the corresponding crystalline compound 
and by the identity of their respective sulfuric acid sj)cctra with that of pure compounds 
(15). Aldosterone was furthermore characterized by its biological activity in either the 
Venning (17) or the Simpson-Tait (18) assay. Aldosterone, hydrocortisone and corti¬ 
costerone were subjected at least once to this complete series of tests in each group of ex¬ 
periments, but not in individual experiments where the conditions of incubation and the 
precursor studied remained unchanged. 

Spcciroplwiometric Determination 

The quantitative determination of A'‘-3 ketosteroids was carried out at 2400 A accord¬ 
ing to the method described by SafTran (10). Spcctrophotometric measurements of these 
steroids were performed in methanol solution against the cluate of a similar area of the 
paper on which the extract of the incubation medium “blank” had been clirom.'ito- 
graphed. Hydrocortisone and corticosterone were quantitatively measured by thb 
method after one single chromatography in the system Bo; aldosterone after a sccom 
chromatography in the system C of Bush. A greater chromatographic purification o 
aldosterone was not considered essential for the following reasons: ^ 

1) after two successive chromatographic developments in the systems B5 ant 

aldosterone if rc.applicd on the iso-octanc tcrt-butanol aqueous methanol s}s 
tern (14) behaves as homogeneous A-'-S ketone material. _ 

2) the values of aldosterone obtained by this method are very close to those obtaine 
by bioassay. 
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RESULTS 

In a preliminary experiment an attempt was made to incubate separately 
the three zones of beef adrenal cortex. Consequent!}^, after the separation 
of the zona glomerulosa the innermost fourth of the fasciculata-reticularis 
slices was separated. This innermost portion of the cortex is designated 
here zona reticularis. Although in beef adrenal cortex the existence of a 
well-defined zona reticularis is not unanimously recognized, the concept of 
certain authors considering the innermost part of the cortex to be a zone 
of cellular degenerescence made it of interest to investigate its abilit}" to 
produce hormones upon incubation. The quantitative estimation of 
ketosteroids, a-ketolic and 17-h}^droxycorticosteroids produced on incuba¬ 
tion by the glomerulosa, the fasciculata, and the reticularis of beef adrenal 
cortex is presented in Table 1 together with the total sodium-retaining ac¬ 
tivity of the crude lipid extracts of their respective incubation media 

From this experiment it appeared that 17-hydroxycorticosteroids 
(Porter-Silber chromogens) are produced almost entirely by the fasciculata 
and the reticularis. Assuming that the beef adrenal cortex produces negligi¬ 
ble amounts of 17-hydroxycorticosteroids reduced in ring A, one is led to 
conclude that by far the largest portion of A^S ketosteroids produced by 
the fasciculata and the reticularis bears a dihydroxyacetone side chain, 
whereas ketosteroids bearing an a-ketolic side chain originate mostly 
in the glomerulosa. The ratio of Porter-Silber chromogens/AL3 ketoster- 
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Fig. 1. Microphotograph of glomerulosa slice (XSo; Masson Trichrome). 
Connective tissue of the capsule is seen adhering to zona glomerulosa. 
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TaBIvE 1. COMPAIUSON OF THE STEBOII) MATEBIAE I’llOBEOEB ON INCUBATION BY 
THE DIFFERENT CELEULAH ZONES OF BEEF ADRENAL CORTEX 



Bg./lOO gm. of tissue/hour 

U.V.' 

B.T.Z.2 

P.S.3 

M.A.^ 

Glomerulosa 

1030 

750 

20 

130 

Fasciculata 

450 

375 

270 

4 

Reticularis 

400 

270 

180 

0 


' Maximal absorption at 2400 A. 

2 Blue Tctrazolium reaction. 

^ Porter-Silbcr reaction. 

•' Mineral-eorticoid activity in the Sinijison-TailR assay (18) cxjiressed in /ig. of aldo.sterone. 


oids is equal to .02 in the glomerulo.sa as opposed to 0.6 and 0.45 in the 
fasciculata and the reticularis respectively. 

The table also shows that a certain proportion of steroids possessing a 
A''-3 ketone group but no 17-a-ketolic side chain is produced in the three 
cortical zones, possibly in slightly greater amounts by the zona glo- 
merulosa. 

Final^q it is mo.st striking to note that practically all the sodium-retain¬ 
ing activit}' is found in the crude extract of the incubation medium of 
glomerulosa slices, whereas it is negligible in the incubation media of the 
fasciculata and the reticularis. Following this experiment, it was not again 
attempted to incubate the zona reticularis separately. 

After paper chromatography, the main compounds produced by incuba¬ 
tion of glomerulosa slices were identified as aldostei-one and corticosterone; 
those produced by the zona fasciculata-reticularis as hydrocortisone and 
corticosterone (see Figure 2). 

No aldosterone was detected on the chromatograms of the incubation 
media of fasciculata-reticularis, and onlj' traces of h 3 ’drocortisone on the 
chromatograms of the incubation media of glomerulosa. It is highly prob¬ 
able that these traces of hydrocortisone, which in all cases were too small 
to be measured b.y spectrophotometiy, were pi-oduced by clusters of fascic¬ 
ulata cells incomplete!}' separated from the zona glomerulosa during dissec¬ 
tion of the tissue. 

Two unidentified ultraviolet absorbing substances which did not reduce 
tetrazolium salts were found to be regularly produced in the incubation 
media of glomerulosa slices. In the system B5 of Bush their chromato¬ 
graphic mobilities were re.spectively slower than that of the hydrocortisone 
pilot and slightly faster than that of the cortisone pilot. Besides hydro¬ 
cortisone and corticosterone two A'’-3 ketone, a-ketolic compounds were 
consistently observed after chromatography of the extracts of the incuba¬ 
tion media of fasciculata-reticularis slices. In the system B5 of Bush, one 
was more polar than hydrocortisone, the second had a polarity very siniilai 
to the pilot of cortisone. These substances are not homogenous and can be 
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CORTICOSTERONE 



CORTICOSTERONE 


Fig. 2. U.V. photostat of chromatograms from the system B5 of Bush on which e.v- 
tracts of incubation media of glomerulosa (G) and fasciculata-reticularis (F.R.) slices 
were developed. Band 1; “Control”; Band 2; Pilots Hydrocortisone, Cortisone and 
Corticosterone: 10 yg. of each; Band 3: incubation with desoxycorticosterone; Band 4: 
incubation with progesterone. 


resolved into two or three compounds b}' further chromatographJ^ Finally, 
a steroid, partlji" identified as 11-dehydrocorticosterone, was recognized 
as being produced by both parts of the cortex. 

The lowest part of Table 2 shows that the basic production of aldoster¬ 
one by glomerulosa slices is equal to 37 ± 5 jug./lOO gm. of tissue/hour; that 
of hydrocortisone b}”^ the fasciculata-reticularis to 61 ±6 /rg./lOO gm. of 
tissue/hour. Corticosterone is produced at the rate of 58 ±S and 45 ±9 
jug./100 gm. of tissue/hour by glomerulosa and fasciculata-reticularis 
slices, respectively. When known precursors of corticosteroids such as 
desoxycorticosterone, progesterone, and corticosterone were added to the 
incubation media at the dose level of 50 pg./gm. of tissue/2 hours of incu¬ 
bation, thej' were handled in radically different ways depending on whether 
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Table 2. Production of aldosterone, hydrocortisone and corticosterone by the 

GLOMERULOSA AND THE FASCICULATA-RETICULARIS OF BEEF ADRENAL INCUBATED 
MTTH DESOXYCORTICOSTERONE (DOC), RROGESTERONE AND CORTICOSTERONE (b) 




Glomerulosa 



Fasciculata-Reticiilaris 

Steioid 

added* 

Tissue 

weiRht 

incubated 

(mR.) 

/iR./lOO Rin. tissiic/hoiir 

Tissue 

wejRht 

incubated 

(niR.) 

aK./lOO pm. ti‘iSiie/hour 

Aldos- 
tei one 

Ilydio- 
coi tisonc 

Corticosterone 

Aldos¬ 

terone 

Hydro¬ 

cortisone 

Corticosterone 

DOC 

2372 


traces 

200 

.3709 

Nil 

150 

350 


1824 


tiaces 

570 

.3.300 

Nil 

30 

120 


1808 


tiaces 

1.30 

2852 

Nil 

78 

280 


1892 


11 aces 

500 

2882 

Nil 

70 

340 

ProROstcrone 

2355 

70 

traces 

250 

.3015 


mWM 

140 


1085 

115 

traces 

75 

3898 





17C1 

134 

tiaccs 

298 

.3210 

HiH 


62 


1062 

1.33 

traces 

400 

.3010 

■ ■ 

■ ■ 

180 

B 



traces 

Not measured 


Nil 

00 





tiaces 

Not measured 


Nil 

00 



■■ 


traces 

Not measured 


Nil 

50 

Not measured 

Mean Contiol pioduction 
MR./lOO Rin. tissue/hr. 

37 ± 5 ^ 

traces 

58 ±8 


Nil 

61±6 

45±9 


1 5 iiiK. of tissuc/2 hours of incubation. 

* Standard Error of tlic mean. 


the slices originated in tlie glomerulosa or in the fasciculata-reticularis 
(see Table 2 and Figure 2). In the presence of glomerulosa slices, these three 
steroids increased the production of aldosterone, but they did not lead to 
the formation of this hormone by the fasciculata-reticularis. Only proges¬ 
terone enhanced the production of hydrocortisone, and this only in the in¬ 
cubation media of fasciculata-reticularis slices. Tlie addition of progester¬ 
one, desoxycorticosterone, and corticosterone to the incubation media of 
glomerulosa slices did not promote the formation of hydrocortisone which, 
as in the control, was found only in negligible amounts. However, if im¬ 
portant fragments of fasciculata remained attached to the glomerulosa, 
measurable amounts of hydrocorti.sonc were found in the incubation media 
of glomerulosa slices after incubation witli progesterone. 

In both the glomerulosa and the fasciculata-reticularis, desoxycorti- 
co.sterone markedl.y increased the production of corticosterone; whereas 
progesterone enhanced the production of this steroid mainly in the zona 
glomerulosa. On the other hand, 17-hydroxylated steroid precursors such 
as 17-hydroxyprogesteronc and 17-hydroxy-ll-desox3'Corticosterone led 
to the formation of large amounts of h^’drocortisone, not only in the 
fasciculata-reticularis, but also in tlie glomerulosa (see Table 3). 

It can be calculated that in the presence of glomerulosa slices, these 
steroids have been converted to hjTlrocortisone to an extent of 60%. This 
observation demonstrates the efficienc.y of 21- and 11 -hydroxylations on a 
17-hydroxylated precursor incubated with glomerulosa tissue. 

In order to study the capacity of the glomerulosa and the fasciculata- 
reticularis to promote the transformation of the A'’-3 ol to the A'‘-3 ketone 
structure, it was decided to incubate pregnenolone in the presence of these 
two parts of the cortex. ITowever, since pregnenolone was not available, its 
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Table 3. Productiok of hydrocortisone (F) by the glomerulosa and the 

FASCICULATA-RETICULARIS OF BEEF ADRENAL INCUBATED WITH ll-DEHYDRO- 
17-hy'dboxy-corticostehone (S) and 17-htdroxy-progesteroxb 
(17-OH-phog.) 


Steroid added 
/rg./lOO mg. of 
tissue 

[ 

Tissue weight 
incubated 
(mg.) 

Glomerulosa j 
(F: Mg./100 gm. 
tissue/hr.) 

Tissue weight 
incubated 
(mg.) 

Fasciculata- 
reticularis 
(F: Mg./lOO gm. 
tissne/hr.) 

S: 10 Bg. 

1540 

1460 

3204 

1120 

S: 10 Mg. 

1540 

1900 

3204 

1030 

S: 10 Mg. 

1425 

1400 

1680 

1 1710 

S; 10 Mg. 

1425 

1770 

1680 

! 2900 

17-OH-Prog. 5 Mg. 

1518 1 

490 

1835 

810 

17-OH-Prog. 5 Mg. 

1518 

540 

1835 

580 

l7-OH-Prog. 10 Mg. 

1500 ! 

2100 

3176 

780 

17-OH-Prog. 10 Mg. j 

1500 

2670 

3176 

590 

Mean Production of Hy¬ 
drocortisone by Controls 
Mg./lOO gm./hour j 


traces 


j 

55±3.8i 


‘ Standard Error of the mean: 8 experiments. 


21 -h3'-droxylated derivative (at the dose of 100 fig./gm. of tissue/4 hours 
of incubation) was used in the experiment reported in Table 4. 21-h5’’droxy- 
pregnenolone increased the production of aldosterone by the zona glo¬ 
merulosa and markedly enhanced the production of corticosterone by both 
parts of the cortex. The production of hydrocortisone by the fasciculata- 
reticularis was also increased but to a lesser extent. This may reflect a 
limited ability of 17-h3drox3dation on a 21-hydroxylated substrate. 

To investigate further the pathwa 3 ' of aldosterone biogenesis, glomeru¬ 
losa slices were incubated in the presence of increasing amounts of pro¬ 
gesterone, desox 5 ^corticosterone and corticosterone. Each of these steroids 
was added to the incubation media at the dose levels of 5, 10 and 20 mg. 
/lOO gm. of glomerulosa tissue. The period of incubation lasted 2 hours. The 
results of these experiments are summarized in Figure 3. The 3 ^ show that 
the production of aldosterone/unit of tissue weight/hour was proportional 
to the amount of steroid added, and that at a given dose these three ster¬ 
oids increased the production of aldosterone above that of the controls in 


Table 4. Production op aldosterone, hydrocortisone and corticosterone 

BY THE GLO.MERULOSA AND THE FASCICULAT.A-RBTICULABIS OF BEEF 
ADRENAL INCUBATED WITH 21-HYDROXYPHEr,NENOLONE 


Steroid added* 

[ Glomerulosa 

j Fnsciculata-Roticularis 

Tissue i 
weight j 
incubated i 
(mg.) j 

[ wg./lOO gm. tissue/hour 

Tissue 
weight 
incubated ' 
(mg.) 

1 MK-/100 gm. tissuc/hour 

Aides- i 
tcrone i 

Hydro- | 
cortisone i 

Corti¬ 

costerone 

Aldos- I 
tcrone 

Hydro- ' 
cortisone 

Corti¬ 

costerone 



wmam 

traces 

393 i 

1 2468 

1 Nil 

210 

1 250 




traces 

i 239 1 

1 2C0S 

Nil 

! 144 

138 


■Hi 

■ ■ 

traces 

j 200 I 

i 2395 

1 Nil 

117 

1 200 

Control *1 

1600 

I 99 

Nil 

18 ! 

30SG 

Nil 

47 

18 

Control 

[ 1500 

S6 

Nil 

26 i 

j 2614 

Nil 

55 

I 16 


* 10 ,ig. of 21-OH-Pregnenolone/lOO mg. of tissue/4 hours of incubation. 
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strict!}^ comparable proportions. For instance tlie amounts of aldosterone 
recovered after incubation with progesterone, desoxycorticosterone and 
corticosterone were respectively equal to 250+37 (S.D.), 253+39, and 
250 ±40 ixg./lOO gm. of tissue/liour when these steroids were added to the 
incubation media at the dose of 10 mg./lOO gm. of glomerulosa slices. These 
figures represent a mean increase of almost 600% above the mean produc¬ 
tion of the controls (37 ±10), and a conversion of 5% of the added steroids 
to aldosterone over the 2 hours of incubation. 

Regarding the 18-oxygenation occurring only in the glomerulosa it may 



Fig. 3. Production of aldosterone by tlie zona glomerulo.sa of beef adrenal incubated 
with progesterone, desoxycorticosterone and corticosterone ordinate is gg. of aldosterone 
produced on incubation per 100 gin. of glomerulosa/hour when the tissue was incubated 
in the presence of increasing doses of iirogesterone, desoxycorticosterone and corticoster¬ 
one. The vertical lines reiircsent the magnitude of the standard deviations of the mean. 

be of interest to mention the following observation. When ll-deh 5 "drocorti- 
costerone and 11 a-hydrox.yprogesterone were incubated with the glo¬ 
merulosa, two compounds were obtained possessing a chromatographic mo- 
bilit}' practicall}" identical with that of aldosterone in the sj'stems B5 and C 
of Bush and E-B of Eberlein-Bongiovanni. These two compounds were 
shown to possess a maximal absorption at 2400 A in methanol solution and 
to give a typicall}' positive soda fluorescence reaction; but they neither re¬ 
duced blue tetrazolium salt nor did the}'- present sodium-retaining activity 
on bioassay. Since these compounds were essentiall}' formed in the glo¬ 
merulosa, it is tempting to credit them both with an ox 3 'gen function on 
position IS. One could therefore speculate that 11 -dehydrocorticosterone 
would give rise to 11-dehydrocorticosterone IS-al; 11 a-hydroxyprogestei- 
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one to 11-epialdosterone or to ll-dehj^drocorticosterone 18-al. The prefer¬ 
ential formation of ll-dehj'drocorticosterone 18-al could find support in 
the finding of large amounts of 11-dehydroeorticosterone in the incubation 
media of glomerulosa slices incubated in the presence of lla-hydroxyprc- 
gesterone in accordance with the original finding of Zaffaroni (19) in beef 
adrenal homogenates. In either case the formation of aldosterone hemi- 
acetal not being possible, there could be interaction between the 18-alde- 
hyde and the a-ketolic side chain which would explain the lack of reducing 
properties of the latter. 


DISCUSSION 

The concept of the functional zonation of the adrenal cortex arose pri¬ 
marily from iSwan’s hypothesis (20) which implies that the zona glomeru¬ 
losa is responsible for the regulation of electrolyte metabolism and is little 
affected by hypophysectomy whereas the fasciculata-reticularis, highly de¬ 
pendent on the presence of the anterior pituitary, is the site of formation 
of carbohydrate-regulating hormones. This view was, for the first time, put 
to the experimental test by Sarason (21) who demonstrated a regression of 
the zona glomerulosa in rats receiving desoxycorticosterone and later bj' 
Deane, Greep and their collaborators who fully confirmed and extended 
this experimental finding by correlating histochemical changes in the glo¬ 
merulosa and the fasciculata-reticularis of rat adrenals with induced changes 
in carbohj'drate and electrolyte metabolism (1, 2, 3). 

The recognition of aldosterone as the chief mineralocorticoid evoked 
the interest of various investigators in the possilile site of its production 
within the adrenal cortex, until different groups of workers provided direct 
proof of its elective production by the zona glomerulosa (5, 6, 7, 8). 

The present experiments confirm the original findings of Ayres, Gould, 
Simpson, and Tait on the production of aldosterone by the glomerulosa, of 
h 3 'drocortisone by the fasciculata, and of corticosterone bj’ both laj-ers of 
the ox adrenal gland (5). Thej' indicate further that practical^ all the 
biologically active substances controlling electrolyte metabolism (sodium- 
retaining substances) are produced bj' the zona glomerulosa, but do not 
support the conception that the innermost cellular layers of the cortex are 
formed of degenerating or dying cells. This last assertion is based on the 
observation that, on incubation, cortical slices from the innermost la 3 'er of 
the cortex produced steroid materials similar to those produced by the 
fasciculata. 

The present investigation provides strong evidence for the existence of 
different pathways of corticosteroid biogenesis within different parts of the 
cortex. Its significance lies mostty in the observation that in the presence of 
on identical steroid precursor, a definite kind of cell is specificall 3 ’ and ex¬ 
clusively able to achieve the whole metabolic transformation necessary for 
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the formation of specific hormones recognized in a number of animal spe¬ 
cies, including man, as being the chief products of adrenocortical secretion. 
For example, progesterone, through 17, 21 and ll-hj^droxylations (22) 
leads to the formation of h 3 '-drocortisone only bj’’ the fasciculata-reticularis 
and, through 21 -, ll-hydroxjdations, and 18 -ox 3 ^genation, to the formation 
of aldosterone onl 3 f by the glomerulosa. These findings imply the localiza¬ 
tion within specific areas of the cortex of some enz 3 ^mes recentl 3 f isolated 
from cortical tissue and shown to participate in corticoid biogenesis. They 
make it possible to outline an enz 3 miic zonation of the adrenal cortex which 
would be characterized b 3 '- the presence of both specific and common 
enz 3 ^mic activities within the glomerulosa and the fasciculata-reticularis. 

Thus, 17-hydroxylase activit 3 ’- would be found essentially in the cells of 
the fasciculata-reticularis, since progesterone increases the production of 
h 3 ’^drocortisone in the presence of .slices formed of this type of cells, but 
does not promote the formation of this steroid on incubation Avith glo¬ 
merulosa cells. Conversel 3 ', lS-ox 3 'genation would occur onl 3 " in the cells of 
of the glomerulosa as indicated b 3 ' the observation that progesterone, 
desox 3 morticosterone, and cortieo.sterone enhance the production of al¬ 
dosterone by these cells but do not lead to its formation by fasciculata- 
reticularis cells. Finally, 3/3-dehydrogenase activity and both 11 - and 21 - 
hydroxylase activities would be found thi-oughout the cortex since 21 -h 3 ^- 
droxypregnenolone leads to an increase of aldosterone and hydrocortisone 
production in the glomerulosa and the fasciculata-reticularis respective^', 
and since the conversion of progesterone to hydrocortisone and aldosterone 
requires both 21 - and ll-h 3 'drox 3 'lations. 

In recent 3 'ears studies on the biogenesis of aldosterone have led to a 
number of conflicting data. In beef adrenal homogenates incubated Avith 
added glucose, fumarate, nicotinamide and ATP, "Wettstein ei ah haA^e 
shoAvn that the 3 'ield of aldosterone is increased b 3 ' desox 3 'corticosterone 
but is unaffected or even decreased 1 ) 3 ' progesterone and corticosterone. 
The authors concluded that their results indicated the occurrence of a se¬ 
quence of h 3 'drox 3 dation in 21, IS, and 11 during the biogenesis of aldoster¬ 
one. Kahnt reinforced this conclusion 1 ) 3 ' demonstrating the formation of 
C•■’-aldosterone upon incubation of C’''-desox 3 'corticosterone (23, 24). 

At Amriance Avith these results are those of Posemberg et aJ. (25) Avho 
shoAved that after perfusion of isolated calf adrenal AA'ith progesterone, 
desox3'corticosterone, and corticosterone, and subsequent biological meas¬ 
urement of the aldosterone fraction partiall3' purified from the effluent, 
onl3^ progesterone resulted in a significant increase of the sodium-retaining 
actiAdt3'. Corticosterone gaAm equiAmcal results and desox3'corticosterone 
Avas Avithout action. These conclusions might receiAm some support from 
preliminary observations of small 3'ields of C’''-aldosterone after perfusion 
of beef adrenal Avith C’’’-progesterone ( 26 ). On the other hand, althougi 
TraAds and Farrell shoAved that incubation of progesterone- 4 -C’’’ AA'ith bee 
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adrenal capsule strippings resulted in the production of aldosterone-4-C*'* 
of approximate^ the same molar activity, incubation with corticosterone- 
4-0*'’ jdelded aldosterone possessing a molar specific activity of up to 54% 
of corticosterone-4-C“ (27). 

In the present studj’’, incubation of beef glomerulosa tissue in the pres¬ 
ence of identical amounts of progesterone, desoxycorticosterone and cor¬ 
ticosterone have been observed to increase the formation of aldosterone to 
the same extent. The conversion factor of these three steroids to aldoster¬ 
one is in the order of 5 to 7% in 2 hours of incubation irrespective of the 
three dose levels tested. Thus, the presence of an hydroxyl group in 21, as 
in desoxycorticosterone, in 21 and 11 as in corticosterone, or their absence 
from 21 and 11 as in progesterone, Avas not reflected in the amount of 
aldosterone formed. This observation suggests that ox 3 "genation in the 18 
position might be the limiting factor in the biogenesis of aldosterone. 

The present results find strong support in the Avork of Ayres AA^ho demon¬ 
strated a comparable conversion of C‘■'-progesterone, C‘''-desox3’'corti- 
costerone and C-corticosterone to C‘''-aldosterone upon incubation of 
these steroids AAuth strippings of ox adrenal cortex ( 28 ), and concluded 
that the3" might represent a major, though not necessaril3^ the onl3^ path- 
Avay of aldosterone bios3mthesis. The data presented in this paper agree 
full3" AAuth this conclusion. As a AA'hole, the3'' also support the concept of 
biogenesis formulated b3" the AVorcester Group ( 29 ) since the3" do not ex¬ 
clude the existence of a common precursor of mineralo and glucocorticoids, 
but only emphasize that the nature of the end product of its metabolic 
transformation is fulb" dependent on the e.xistence of its 18-ox3^genation 
soleb^ in the glomerulosa or of its 17 -h 3 'drox 3 dation soleb' in the fasciculata- 
reticularis. 
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FUNCTIONAL ZONATION OF THE ADRENAL CORTEX: 
SITE OF ACTH ACTION 


JANINE STACHENKO and CLAUDE J. P. GIROUD' 

Endocrine Research Laboratory, The Montreal Childreji’s Hospital and Department 
of Investigative Medicine, McGill University, Montreal, Canada 

ABSTRACT 

When ACTH or corticotropin-peptides were added to the incubation media 
of beef adrenal slices composed chiefly of glomcrulosa tissue they did not signifi¬ 
cantly affect the total production of corticosteroids nor that of aldosterone. The 
same corticotropin preparations markedly increased the production of total cor¬ 
ticosteroids and of hydrocortisone in the incubation media of slices composed of 
fasciculata-reticularis cells. 

In the presence of fasciculata-reticularis slices, ACTH promoted the conver¬ 
sion of cholesterol to hydrocortisone. In the presence of glomerulosa slices, 
ACTH neither promoted the conversion of cholesterol to aldosterone nor did it 
increase the conversion of 21-hydroxyprcgnenolone and progesterone to aldos¬ 
terone. 

N umerous attempts have been made to localize the site of action of 
ACTH Avithin the different cellular zones of the adrenal cortex. These 
investigations, which in majoritj' Avere based on the observation of histo¬ 
logical changes of the cortex folloAA’ing ACTH stimulation, haA'e led some 
to believe that ACTH controls principally the groAvth and the function of 
the fasciculata-reticularis cells (1, 2). But relying on similar histological 
criteria, a number of investigators have emphasized that the zona glo¬ 
merulosa is far from being independent of pituitary and ACTH influence 
(3-6). 

By a different approach, Sonenberg (7) has obtained CA'idence that after 
the administration of P^’ labelled ACTH preparations to rats there Avas a 
definite preference for the radioactivity to concentrate at the level of the 
tAvo inner cellular zones of the cortex. 

The relative ease Avith which the zona glomerulosa of beef adrenal can 
be separated from the fasciculata-reticularis (8) made it possible to re- 
iiiA^estigate this problem b}" a more direct approach. ConsequentIj', it Avas 
decided to stud}' the production of corticosteroids b}' the glomerulosa and 
the fasciculata-reticularis of beef adrenal incubated in the presence of 
ACTH. 


METHODS 

The methods used in the following study are essentially the same as those described 
in detail in the preceding paper (S). HowcA’er, in order to obtain sufficient amounts of 
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steroid material without increasing tlic time involved in tlie processing of a greater num¬ 
ber of slices, the period of incubation was extended to four hours. In eacli e.xperiment 
the different corticotropins were weighed and dissolved in Kreijs-Ringer bicarbonate 
medium at a concentration of 2 i.u. per cc. After the usual half-hour of prcincubation 
the slices were transferred to a set of clean beakers. The required amounts of cortico¬ 
tropin in solution were poured onto the slices which were gentlj-^ mixed to insure a uni¬ 
form absorption of the hormone. The inculiation media were then adjusted to the proper 
volumes (10 cc per gm. of tissue incubated) with Krebs-Ringer bicarbonate solution. 
In the experiments where both ACTH and corticosteroid precursors were used, these 
steroids were first rcdissolved in small amounts of the inculration media to which the 
slices Avere then transferred. The ACTH was added and the media adjusted to their 
proper volumes. 


RESULTS 

In a single experiment, glomerulosa, fasciculata and reticularis slices 
were incubated separately in order to study the responsiveness of the zona 
reticularis to ACTH stimulation. The quantitative estimations of A‘'-3 


Table 1. Effect of ACTH on the nnonucTioN of STEnoin mateiual by the 
DIFFEKENT CELLULAR ZONES OI' JiUKV ADRENAL CORTEX 



Glomerulosa 

Fnsrioulatn 

Reticularis 

/iR./lOO Kin. of ti'isuc/lir. 

PR./lOO cm. of lissue/lir. 

pp./lOO Rm. 

of tissue/hr. 

U.v.i 

BT.’ 

I'.S.’ 

M.A.' 

u.v. 

BT. 

P.S. 


U.A'. 

BT. 



Controls 

1030 

7.10 

20 

130 

4.10 

37.1 

270 

4 

I 400 

270 

180 

0 

ACTH 

1200 

880 

.10 

11.1 

1800 

1.100 

1070 

1 

1020 

740 

490 

0 

q Increase over 













Control 


17 

1,10 


300 

310 

205 


155 

170 

172 



' MniLitnal absorption at 2-100 
’ Blue Tetrazohum reaction. 

> Portcr-Silber reaction. 

* Mmeralocorticoid activity in the Simpson-Tnit’a nsvay cvprcx'-cd in ap. of aldosterone. 


ketosteroids, a-ketolic steroids, 17-hydroxy corticosteroids, (Porter Silber 
chromogens) and sodium-retaining activity in the crude lipid extracts of 
their respective inculmtion media are presented in Table 1. 

These data already suggest that the main site of action of ACTH on 
corticoid production is to be found in both the fasciculata and the reticu¬ 
laris zones, whereas ACTH has a very weak or almost no action on the pro¬ 
duction of .steroids by the isolated zona glomerulosa. Thus, in the presence 
of ACTH, the formation of A’'-3 ketosteroids, a-ketolic and 17-liydroxyster- 
oids by the fasciculata and the reticularis was increased b)" about 300% 
and 160% above that of the respective controls. 

In the glomerulosa, the production of Porter Silber reacting material 
only was definitel}’^ enhanced by ACTH (150% above control value). But 
one should consider that with or Avithout added ACTH this material was 
recoAmred from the incubation media of glomerulosa slices to the extent of 
onl}' 3-4% of the total amount found in the incubation media of both 
fasciculata and reticularis slices. It is therefore probable that the signifi- 
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cant increase of Porter Silber reacting compounds induced by ACTH in the 
incubation media of the glomerulosa slices merely reflects the action of 
ACTH on the production of 17-hydroxy steroids by fasciculata cells incom¬ 
pletely separated from the glomerulosa slices. 

Finally, ACTH did not affect the production of sodium-retaining ma¬ 
terial which, as previously shown, was found exelusivel}" in the incubation 
media of glomerulosa slices. 

CHROMATOGEAPHIC STUDIES 

A series of studies was then undertaken to investigate the action of 
ACTH on the production of aldosterone and corticosterone by the zona 
glomerulosa and on the production of hydrocortisone and corticosterone 
by the fasciculata-reticularis. In these experiments, ACTH was added to 
the incubation media of both parts of the cortex at the dose level of 1.0 
i.u. per gm. of tissue incubated for four hours. The results are presented in 
Table 2. They show that under the conditions of these experiments, the 
production of aldosterone by the zona glomerulosa was equal to 71 + 16.0 
(S.D.) /ig./lOO gm. of tissue/hour, and to S4±19.5 after the addition of 
ACTH (P>.1). The production of aldosterone was not significantly af¬ 
fected by ACTH. Converseljq in the presence of ACTH, the amounts of 


Table 2. Action of ACTH' on the production of aldosterone and corticosterone 

BY THE GLOJIERULOSA AND ON THAT OF HYDROCORTISONE AND CORTICOSTERONE 
BY THE fasciculata-reticularis OF BEEF ADRENAL 


Steroid measured 

Controls 

ACTH' 

ag. of steroid/100 gm. of tissue/hour 

Glomerulosa 

i 

Aldosterone | 

i 


[ 71 + 10 . 0 = 

1011 

64' 

03 

105: 

981 

72, 

1 84±19.5 

Corticosterone 



1531 

112 

142 

G2j 

|ll7 


Corticosterone 

14: 


281 




IS 

[16 

43 

[ 35 

Fa.s ci c ula t a-re 1 i c ul a ri s 


ISJ 


36j 








Hydrocortisone 



100' 






189 





-48 ± 8 0 

114 

117 

■ 1C0±55.0 



40 


1871 




52, 


245J 



' .\CTH Nordic-Biocliemicals: 1 i.u./gm. of tissue inciib.Tted 4 hours. ACTH increases 
significantly (P <.001) the production of hydrocortisone, but has no action on the production 
of aldosterone (P>.1). 

- Standard Deviation. 


















746 


STACHENKO AND GIROUD 


Volume 64 

hydrocortisone produced by the fasciculata-reticularis (160 +55.0 /ig./lOO 
gm. of tissue/hour) were very significantly increased above the control 
values (48+8.6 jug.; P<.001). 

In these experiments, the glomerulosa incubated in the absence of ACTH 
was observed to produce more corticosterone (mean of four values: 84 
gg./gm. of tissue/hour) than the fasciculata-reticularis (mean of four 
values; 16 jug./gm. of tissue/hour). ACTH increased the production of this 
hormone by only 27% in the incubation media of the glomerulosa slices 
and by 112% in those of the fasciculata reticularis. The validity of these 
results regarding the lack of action of ACTH on the production of corti¬ 
costerone by the glomerulosa is limited by the observation of great varia¬ 
tions in the production of this hormone by both parts of the cortex upon 
exten.sion of the incubation period (see di.scussion). 

Farrell has reported that some corticotropin-peptides prepared by Bell 
increase the production of aldosterone in the adrenal vein blood of decapi¬ 
tated dogs (9). 

Table 3 and 3a present the results of a series of incubations in which 
71 - 4 - 0 : 2 , 01 - 4-02 and 5i, corticotropins were added to the incubation media 
of glomerulosa and fasciculata .slices at dose levels varying between 0.01 
and 12.8 i.u./gm. of tissue incubatcd/four hours. The total A-^-3 ketoster- 
oids were measured in the crude lipid extracts of the incubation media in 
the three experiments; tiie total o-ketolic steroids only in two; aldosterone 
and hydrocortisone were estimated after paper chromatography. The re- 


Tabi.k 3. Action- ok coiiTicoTnoiMN-iMa-riDK.s' on tiik rnoDUCTioN of couticosteroids 
BY TIIK CI-OMEnn.OSA AND TIIIl KASCICUI.ATA-Uin-IOUI.AniS OF BEEF ADBENAL 


Cortico¬ 
tropin 
(i.r./gni. 
of tissue) 

Fiiscicnlnta-Rcticnlnri.s 
(iig./lOO gin. of tissuo/hr.) 

Glomerulosa 

(ag./lOO gm. of tissue/hr.) 

Crude lipid extract 

1 

Hydrocor¬ 

tisone 

Crude lipid extract 

Alcio- ^ 
sterone- 

.Y'-3 keto- 
steroids^ 

BT. 

Reacting 

coTn])oun(ls 

.i<-3 keto- 
stcroids= 

BT. 

reacting 

compounds 

Control 

320 

400 

40 

1000 

040 

99 

7i + 72 .2 

(iOO 

030 

lOS 

1200 

1100 

103 

.8 

920 

800 

150 

1200 

1000 

133 

3.2 

1200 

1070 

210 

1330 

1000 

150 

12.8 

1.500 

1100 

303 

1000 

1400 

130 

Control 

373 

431 

47 

720 

530 

83 

S, .2 

1030 

890 

195 

940 

540 

83 

.8 

1200 

980 

253 

920 

690 

8“ 

3.2 

1510 

1170 

345 

1140 

1025 

123 

12.8 

1800 

1350 

387 

1200 

9S5 

130 


' Corticotropin-Poptido.s Lcderle. Fraction Yi+Ti^ Lot No. 1079-1. Fraction 5i. Lot Ao 
1079-24. 
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Table 3a. Action or corticotbopin-peptides' on the production of corticosteroids 

BY THE GLOMERULOSA AND THE FASCICULATA-RETICULARIS OF BEEF ADRENAL 


Corticotropin 
i.u./gm. of tissue 

Fasciculata-Rcticularis | 

1 (ng./lOO gm. of tissue/hr.) | 

Glomerulosa 

(ng./lOO gm. of tissue/lir.) 

A^-3 keto- 
steroids^ 

Hydrocor¬ 

tisone 

A^-3 keto- 
steroids= 

Aldosterone 

0.01 

210 

90 

440 

90 

0.1 

450 

190 

520 

100 

1.0 

890 

250 

670 

100 

10.0 

1100 

370 

720 

95 

Control 

140 

60 

380 

91 


‘ Corticotropin-Peptides Lederle: Fraction 
- iMeasiired at 2400 A. 


suits show that onl 3 r in the incubation media of fasciculata-reticularis did 
these three ACTH peptides markedl 3 i increase the production of A'^-S 
ketosteroids and a-ketolic steroids, and that the degree of the response was 
proportional to the dose of corticotropins added. The production of h 3 'dro- 
cortisone increased from control values of 40, 47 and 60, to 363, 387 and 
370 jug./lOO gm. of tissue/hour in the presence of the greatest dose of each 
corticotropin. As opposed to these results, the production of total 
ketosteroids and of a-ketolic steroids, as well as that of aldosterone b 3 ’ the 
glomerulosa slices was little affected b 3 r an 3 " one of the three ACTH pep¬ 
tides over the range of dose levels used, and in no case could a dose-response 
relation be established. 

Since the work of Stone and Hechter on perfusion of beef adrenals, it 
has been generalb^ recognized that one of the main actions of ACTH on 
corticosteroid biogenesis ma 3 '^ lie in its control of an enz 3 TOic sequence es¬ 
sential for the con'i'^ersion of cholesterol to A-5 pregnenolone and, conse¬ 
quently, for an increased formation of h 3 ’drocortisone and corticosterone 
(10). It was therefore considered of interest to stud 3 ^ whether ACTH would 
promote the formation of aldosterone from cholesterol in the zona glo¬ 
merulosa, or would promote the conversion of cholesterol to other corti¬ 
costeroids in the fasciculata-reticularis exclusivel 3 \ Hence, glomerulosa and 
fasciculata-reticularis slices were incubated in the presence of added cho¬ 
lesterol, 21-OH pregnenolone or progesterone, both with and without 
ACTH. The results of these experiments are reported in Table 4. The 3 ' 
show that the production of aldosterone was unaffected b 3 ' addition of 
cholesterol but was increased in the presence of 21-OH pregnenolone and 
progesterone. The addition of ACTH did not affect the conversion of 21- 
OH pregnenolone or progesterone to aldosterone, nor did it promote an 
increase of aldosterone in the presence of cholesterol. The production of 
h 3 'drocortisone b 3 " the fasciculata-reticularis was increased above the con¬ 
trol values by 170% in the presence of ACTH alone, and by 320 to 490% 
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T,\.BiiE 4. Production of audosterone by the gbombrulosa and of iiydrocobtisone 

BY THE FASCICULATA-RETICUBARIS OF BEEF ADRENAL INCUBATED WITH PRECURSORS* 
IN BOTH THE PRESENCE AND THE ABSENCE OF ACTII 




Controls 

ACTH‘ 

Ciiolestpiol- 

21-011 

[ Pregnenolone^ 

Progesterone^ 





Alone 

+ ACTH 

Alone +ACTH 

Alone 

4-ACTH 


, <D 

P 

1 ® 



115 

113 

i 

j 310 

330 

320 

3 

0 

1 

1 

tn 

1 0 

88 + 11 = 

1 

99 ±16 ] 

1 



1 240 



0 

3 ' 
< 

1 

1 

102 

115 

200 

320 

291 












1 







0 





1 




s 

1 

0 

V 

p ■ 

0 . 

m 



81 

240 

117 

520 

483 

0 ' 

u 

0 ' 

51 ± 7 

13G+38 



210 



to 

0 








1 

"5 



(>2 

340 

144 

()00 
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H 




1 

1 





‘ Nordic IMochcmicRls'. 1 i.u./iOO nip;, of (issue incubaled 4 hours. 

= Added at the dose level of U) /xp./lOO iur. of tissue incubated 4 hours, 
= StaiKlarcl deviation of the mean. 


in the presence of both ACTH and cholesterol. Finally, the increased pro- 
diiction of hydrocorti.sone promoted by progesterone was not affected by 
the addition of ACTH. 


DISCUSSION 

As earl}' as 1940 Swann (11) expre.'J.sed the view that hormones control¬ 
ling mineral metabolism could be produced by the zona glomerulosa since 
the histological aspect of this zone as avcII as mineral metabolism are little 
affected by hypophyscctomy. Conversely, the two inner zones of the cortex 
could he the site of production of hormones controlling carbohydrate 
metabolism since the profound disturbance of this metabolism after hy- 
pophy.sectomy is accompanied by marked atrophy of these zones. This 
view was fully .supported by the data of Bergner and Deane (1) ’tt'ho 
showed that the histochemical changes observed in the adrenal corte.x of 
ACTH-treated rats were mostly located within the fasciculata-reticnlavis. 
More recent works have demonstrated that prolonged treatment of the dog 
with glucocorticoids is followed b.y a marked decrease in the rate of produc¬ 
tion of hydrocortisone in the adrenal vein blood and accompanied bt 
atrophic changes in the fasciculata-reticiilaris without detectable alteration 
of the zona glomerulosa (2), Since it is known that' after cortisone adminis¬ 
tration the synthesis of pituitary ACTFI is almost fully depressed (12) t le 
over-all impression gained from this more direct approach is that in the c 0 ^ 
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also the site of action of ACTH is most likel}^ limited to the cells of the fas- 
ciculata-reticularis. 

The independence of the zona glomerulosa from pituitary" control has 
been challenged by a number of histological studies. Thus Selye and Stone 
noted even in short term experiments in rats that a large dose of ACTH can 
stimulate growth of the zona glomerulosa (3). In hypophysectomized rats, 
Lever has observed a regression of all three cortical zones and conversely 
marked changes in the histological aspect of the zona glomerulosa after 
ACTH administration (4). Complete or almost complete depletion of 
sudanophilic elements of the zona glomerulosa was also observed by 
Wexler in rats treated with certain ACTH preparations (5). Following ex¬ 
tensive histological studies in mice, Chester Jones expressed the view that 
the zona glomerulosa has probablj'' no specific function in the elaboration 
and secretion of mineralocorticoids (6). From these data alone it appears 
difficult to draw definite conclusions on the site of action of ACTH on the 
adrenal cortex. 

Comparing the production of aldosterone by the zona glomerulosa and 
that of hydrocortisone by the fasciculata-reticularis, the present work 
strongly suggests that the action of ACTH on corticosteroid biogenesis is 
mostlj' demonstrable in the presence of cortical slices made up entirelj" of 
fasciculata-reticularis cells. This conclusion is based on observations that 
three of the well-recognized effects of ACTH on corticoid production are 
clearly and exclusively demonstrable in the presence of fasciculata-reticu¬ 
laris slices; 1) in the presence of ACTH the production of ly^drocortisone 
by the fasciculata-reticularis was markedly enhanced; 2) a linear response 
relationship between the dose of ACTH used and the increase of hydro¬ 
cortisone production was demonstrable; 3) ACTH promoted the increase of 
hydrocortisone formation in the presence of added cholesterol. 

The possible action of ACTH on the biogenesis and secretion of aldoster¬ 
one has fostered a number of investigations. Singer has demonstrated that 
after hj^pophysectomy the secretion of aldosterone in the adrenal vein 
blood of rats is decreased to 25% of normal, and that the secretion of this 
hormone is returned to normal by treatment with ACTH (13). In h}^- 
pophj'sectomized dogs, secretion of aldosterone in the adrenal vein blood 
effluent was observed bj^ Farrell to be reduced b}" 1 /3 of the normal value 
(15). The same author was the first to provide evidence that the rate of 
aldosterone secretion is depressed to about 30% in decerebrated dogs (16) 
and brought back to normal or above normal values after intravenous per¬ 
fusion of crude beef diencephalon extracts (17), A less marked but compa¬ 
rable effect on hydrocortisone secretion was recorded. In the same animal 
preparation a linear response could be obtained between doses of 5i and 
corticotropin-peptides and the amounts of aldosterone secreted in the 
adrenal vein blood (9). Perfusion of beef adrenals (IS) or incubation of rat 
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(19) as well as human (20) adrenals with ACTH has led to some increase 
in the production of aldosterone although the results obtained with rat 
adrenals have often been found to vary with the pi’eparation of ACTH 
used (19). Finally, the production of aldosterone by beef adrenal slices was 
increased l^y certain posterior pituitary extracts which had only a ques¬ 
tionable action on the production of hydrocoi'tisone; in these experiments 
ACTH had the opposite effect (21). The.se apparently conflicting results 
have led to the hypothesis, first expressed by Farrell (9), that a humoral 
factor different from ACTH might be responsible for the regulation of 
aldosterone secretion. The existence of .sucli a factor, its presence in widely 
varying amounts as a contaminant of many pituitary hormones and (possi¬ 
bly) hypothalamic extracts, and the degree to which its action on aldoster¬ 
one secretion might Idc interfered witli by the action of ACTH on gluco¬ 
corticoid secretion, could explain tbe apparent conti'adiction of results ob¬ 
tained in studies of the action of ACTH on aldosterone secretion. 

The results of the present investigation show; 1) that none of the corti- 
cotropic preparations studied had significant action on the production of 
aldosterone by the isolated zona glomerulosa, 2) that the production of 
this hormone is unaffected l\y addition of chole.stcrol alone or by both 
cholesterol and ACTH, and finally, 3) that ACTH has no demonstrable 
action on the conversion of po.ssilffe precursors of aldosterone such as preg¬ 
nenolone and progesterone. 

In these experiments corticot ropin-peptides were not able to increase the 
production of aldosterone by more than 50% of the control values. Such 
an increase is felt to be too close to tlie possible range of variation in the 
production of aldosterone by the controls to be of significance. The lack of 
action of 6 — 1 corticotropin on the production of aldosterone may seem sur¬ 
prising since in vivo the same preparation was demonstrated by Farrell to 
increase markedl.y the secretion of this hormone in the adrenal vein effluent 
of decapitated dogs, and t.hat in both his and the present work the quanti¬ 
ties used lay in the same range. It. is difficult t o explain this result solely by 
a lack of sensitivit}' of the in vitro method, since previous work has demon¬ 
strated a two to threefold increase of aldosterone secretion by whole slices 
of beef adrenal cortex incubated in the presence of posterior pituitary 
preparations (21). 

To postulate a loss of potency of 6i corticotropin which was kept in a 
solid state at 5° C for a few weeks would provide an explanation which we 
do not think likely. In a preliminary experiment, undertaken with the aim 
of assessing crudel.y the possible differences of potency of these 3 corti¬ 
cotropin-peptides on tlie production of aldosterone and h 3 ^drocortisone, an 
incubation was performed using each preparation at one single dose level 
(2 i.u./gm. of tissue). In this experiment, which is not reported quanh- 
tativel}' here, the production of aldosterone was increased roughly 100% 
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above the control values bj* the three corticotropins used. These results 
could not be reproduced when each of these corticotropins was tested in 
the experiment reported here, despite the dose range used (0.01-12.S 
i.TJ./gm. of tissue). 

The data presented strongly support the concept of functional zonation 
of the adrenal cortex, as first established bj" Deane, bj' offering direct 
proof of the main action of ACTH on the two inner zones of the adrenal 
cortex. They cannot be interpreted as supporting or disproving the exist¬ 
ence of a humoral factor controlling the secretion of aldosterone bj' the 
zona glomerulosa, the existence of which, as a possible contaminant of 
pituitary preparations, is suggested b}^ in vivo studies (9). 

The final proof that the secretion of corticosteroids by the zona glomer¬ 
ulosa is totally independent of ACTH might rest with studies on the 
production of corticosterone b}" this zone of the cortex. Preliminarj’ data 
suggest that ACTH might have an action both on the production of corti¬ 
costerone and on the conversion of cholesterol to corticosterone through¬ 
out the adrenal cortex though, possibl 3 ', to a greater extent in the fascicu- 
lata-reticularis. 

However, in the present stud}’- it has often been difficult to measure 
corticosterone after incubation of the slices for four hours with or without 
added ACTH. It was repeatedl}' noticed that at the end of 2 hours of 
incubation the amounts of corticosterone recovered from the incubation 
media were approximate!}' equal in both parts of the cortex. However, by 
increasing the time of incubation to 4 hours or more, corticosterone pro¬ 
gressively disappeared from the media. This was observed whether in the 
absence of added precursors or in the presence of progesterone. In one 
incubation with this steroid, the amounts of corticosterone produced by 
the glomerulosa and the fasciculata-reticularis were respectively equal to 
280 and 1560 ^tg./lOO gm. of tissue after 4 hours of incubation, whereas no 
corticosterone was recovered from the incubation media of glomerulosa, 
and only 60 ^/g./lOO gm. of tissue from that of the fasciculata-reticularis 
after S hours of incubation. 

Perfusions of beef adrenal have shown that ACTH increases the produc¬ 
tion of corticosterone (22). On the other hand, the present data indicate 
both the importance of corticosterone as a possible precursor of aldosterone 
in the zona glomerulosa (S), and the insignificant action of ACTH on 
aldosterone biogenesis. The existing data admit at least two different 
possibilities: either that both aldosterone and the fi’action of corticosterone 
produced by the glomerulosa belong to a pathway of steroid biogenesis 
which by-passes cholesterol and is slightly or not at all affected by ACTPI; 
or that throughout the cortex, coi’ticosterone is under ACTH control— 
which could imply that this steroid is not an obligatory pathway in the 
biogenesis of aldosterone. 
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METABOLISM OF THYEOXINE DURING PROLONGED 
KIDNEY CORTEX INCUBATION' 

NICOLE ETLING and S. B. BARKER 

Department of Pharmacology, University of Alabama Medical 
Center, Birmingham, Alabama 

ABSTRACT 

A studj" has been carried out of the metabolic changes in thj-roxino, as the 
hormone maintained the ox 3 'gen consumption of rat kidnej' cortex slices incu¬ 
bated for three daj's at 5°C. Tetraiodothj-roacetic acid (Tetrac) and iodide were 
rapidR produced, with triiodothj'roacetic acid (Triac) and small amounts of a 
th 3 Toxine conjugate appearing later. When Tetrac was added instead of th 3 -rox- 
ine, conjugation was more rapid, but no Triac was formed. Addition of Triiodo- 
th 3 ’ronine (Trit) resulted in Triac formation, as well as maximal production of 
both glucuronic and sulfuric acid conjugates. No Trit was encountered, even 
with careful bidimensional chromatograph 3 -; thus, renal deamination and de- 
carbox 3 'lation of Trit must dispose of it as fast as it is produced from tl^vroxine. 

No correlation could be obtained between production of an 3 ’ metabolite of th 3 -- 
roxine and its effect on kidne 3 ' cortex metabolic rate. These results suggest that 
there is a response of some labile factor in the cell rather than production of an 
“active” tl^Toxine derivative. 

I T HAS previous^ been shown (1) that, during prolonged incubation of 
rat kidne}'’ cortex at 5° C, added thyroxine had the striking effect of 
maintaining oxygen consumption of the tissue for as long as 72 hours. This 
action was especialR marked in the presence of alanine or proline, and was 
completel}’’ eliminated by the addition of tryptophan. The present stud}" is 
concerned with the metabolism of the thjwoxine. Since there is considerable 
current interest in the possible production of “active” forms of the hor¬ 
mone, 3,5,3'-triiodothyronine (Trit) and 3,5,3',5'-tetraiodoth3"roacetic 
acid (Tetrac) were also studied. 

METHODS 

The experimental conditions were the same as those reported b 3 " Lindsa 3 " and Barker 
(2). Slices of kidne 3 " cortex from th 3 'roidectomizcd rats were placed in Warburg vessels 
in Ringer-alanine-glucose or Ringer-prolinc-glucose and held at 5° C, o.x 3 -gen consump¬ 
tion being measured at 37° C before incubation (Da 3 ' 0) and after 1, 2 and 3 da 3 -s. To 
the 10 pg. th 3 -roxine present per ml. of medium was added radioiodine-tagged th 3 -roxine 
(Abbott), about 100,000-250,000 cpm per flask. Comparative determinations showed 
no effect of this much radioactivit 3 ' on the oxwgen consumption. Variations in this gen- 

Received September 15, 195S. 
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eral procedure included terminating the incubation at earlier times, incubation for vari¬ 
ous lengths of time before addition of thyroxine, or substitution of a thyroxine-frec solu¬ 
tion. In addition, radioiodine-tagged Trit or Tetrac together with carrier in amounts 
equimolar to 10 ng. thyroxinc/ml. were substituted for the tliyroxine.^ 

Immediately following the desired incubation, the contents of each set of duplicate 
vessels were pooled and centrifuged at 0° C. The clear supernatant medium was poured 
off and kept cold for counting and chromatography. The tissue pellet was washed three 
times with cold Ringer solution, being separated each time by centrifugation at 0° C. 
Each sample was then repeatedly extracted with small portions of methanol-1 % am¬ 
monium hydroxide in a small Potter-Elvchjcm glass homogenizer kept in ice. The pooled 
extracts were filtered and used cither directly, or after concentration at 40° C under 
reduced pressure. Although the latter procedure has been found not to alter the distri¬ 
bution of iodinated compounds, we have preferred to start with sufficient radioactivity 
to avoid this extra step of handling. It was necessary to use the incubation medium with¬ 
out concentration to avoid adsorjition of organic iodine on the large quantity of solid. 
Wo liaxm alreadj' reported that olectrolydic dc.salting results in deiodination of thjTo.xinc 
and related compounds (3). 

Before chromatography, aliquots of the tissue extracts and incubation media were 
evaporated and counted dry with a thin end-window Geigcr-Muller tube. Suitable quan¬ 
tities W’cre then chosen for treatment by ascending chromatography with the follow¬ 
ing solvent mixtures: butanol-water-acetic acid (78:17:5), butanol-water-ammonium 
hydro.xidc (250:178:72), tertiary amyl alcohol-watcr-ammonium hydroxide (50:40:10), 
or collidine-water (100:35) in an atmosphere of ammonia from concentrated ammonium 
hydroxide. Quantitative Geiger-Mtiller scanning of the activity in the developed but 
unstained chromatogram was carried out along a marked grid. Autoradiograms were 
obtained on Kodak No-Screen x-ray film. Chemical demonstration of spots was carried 
out with sprays of ninhydrin for amino acids or diazotized sulfanilic acid for phenols 

(4) . Iodine-containing compounds were revealed with a ceric sulfate-arsenious acid stain 

(5) . After qualitative identification, each substance present ivas expressed quantitatively 
in terms of percentage of the total radioactivity added as thyroxine, Tetrac, or Trit. 

RESULTS 

Metabolism of thyroxine. The three-day maintenance of kidney cortex 
metabolic rate in the presence of thyroxine is demonstrated in Figure lA 
for the composite of several experiments involving incubation in Ringer- 
alanine-glucose. The control vessels (BQ showed good respiration for the 
first day, but fell off rapidly after that time. There was a striking contrast 
when thyroxine was present in the incubation medium throughout the 
entire three-day period. 

The distribution of radioactivity in the tissues and incubation solutions 
of these experiments is shown in Figure 2 for various lengths of time. The 
hormone was rapidlj^ taken up by the tissue, 32% being thus located after 
only 20 minutes at 37°, and 65% after 1 hour. Metabolic alterations of the 
thyroxine were also rapidly occurring, with a small amount of Tetrac 

^ Generous quantities of these substances were provided by Dr. R. Pitt-Rivers of the 
National Institute for Medical Research, Drs. R. I. Mcltzer and R. L. Kroc of tic 
Warner-Lambert Research Institute, Dr. A. E. Heming of the Smith Kline and Frenc i 
Laboratorie.s, and Dr. H. L. Fcvold of the Baxter Laboratories. 
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appearing in both tissue and solution after 20 minutes, as well as 5% of 
inorganic iodide. These actions continued during the rest of the first hour. 

By the end of one day of incubation (2 hours at 37° C and 23 hours at 
5°), the total tissue radioactivity had begun to fall. The distribution of 
activity was essentially unchanged, but the amount now present as acetic 
acid derivatives (“Ac”) had increased, especially in the tissue. At this time, 
Triac first clearly appeared in the tissue. As the incubation was extended 
through four days, the amount of these acetic acid derivatives increased, as 
well as the proportion present as Triac. Tissue activity was evidently re¬ 
sponsible for the necessary deamination and decarboxylation, since there 
was always more acetate derivative in the tissue than in the solution. Care- 

A B 

% Initial 



Doys Incubofed in R-Alonine-Glucose 

Fig. 1. O.xygen consumption of rat kidney cortex slices in Ringer-alanine-glucose 
solution. Measurements made at 37° C on daj’s 0, 1, 2, 3; incubation otherwise at 5° C. 
“Tt" indicates solution containing 10 jag- L-thyroxine/ml.; “Bl” control solution. 
“Trj'pt” solutions contained added tryptophan, thyroxine flasks the lower dotted line. 
See text for further explanations. 

ful bidimensional chromatography consistently failed to reveal the presence 
of Trit at any time, from 20 minutes to three days (Fig. 3). Since there Avas 
always more Tetrac than Triac, we original^ concluded that the former 
was the source of the latter, as well as of the activity found as iodide. How¬ 
ever, it Avill be shoAvn later that added Tetrac 3 delded no Triac, Avhereas 
added Trit did. 

In some experiments, it was possible to see two thin lines of radioacthdty 
on tlie autoradiograms betAveen the origin and the iodide. As the scanning 
AA-as ordinarily done on acid-developed chromatograms of incubation solu¬ 
tions, these compounds AA’ere included in the thjuoxine fraction. More exact 
counting indicated that these amounted to 4% of the total actiA’ity at most. 
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By analogy with other results to be presented, (see Fig. 8) it is believed that 
these are conjugates of thyroxine. 

Experimental changes in the exposure of kidney slices to thyroxine were 
introduced, as shown in Figure IB. It can be seen that, when thyroxine 
was present in the solution only for the first hour of incubation (at 37° C) or 

% of Added T4 



Fig. 2. Metabolism of added radiothyroxino under certain of the conditions shoivn in 
Fig. 1 The first two columns show the redistribution of radioactivity between solution 
(S) and tissue (T) after 20 and GO minutes at 37° C, the remainder at various times of 
longer incubation at 5° C combined with respiration measurements at 37° C. Fractions 
arc indicated as follows: 

T 4 , thyroxine; .\c, Tetrac plus Triac (latter above dotted line when present); I, in¬ 
organic iodide. 


when the hormone was not added until after that hour, the 3-day main¬ 
tenance of metabolism was nearly as great as when tlDU-oxine was present 
throughout the entire time. In contrast, withholding tl^Toxine until after 
the first 24 hours of incubation gave results no different from the control 
solution. When tryptophan was added, the thyroxine action was completely 
blocked. The tissue subjected to 100° C for 10 minutes did not consume 
significant amounts of oxygen at any time. 

Figure 4 shows that tiyptophan did not alter the metabolism of thyrox^ 
ine. Even delayfing the addition of thyroxine until after one day produced 
the quantitative differences one would expect from the shorter time available 
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Pig. 3. Autoradiogram of bidimensional chromatogram of extract of kidne 3 ' tissue 
slices incubated with radiothj-roxine for 72 hours. Origin lower right, solvents as shown. 
References identified spots present as: 

Triac 

Tetrac Th 3 -roxine 

Iodide 

Origin 

for tissue action on the hormone, namelj’’, a greater proportion of thjTOxine 
in the tissue, and lower levels of Tetrac and iodide. When thju'oxine 3vas 
present onlj^ for the first hour, the tissue retained 60% of the radioactivit}", 
mostl}" as thju-oxine itself (Fig. 5). During the succeeding 3 days, there was 
a great loss of this thyroxine into the new solution added without thju'ox- 
ine. This lower tissue hormone level resulted in a smaller production of 
Tetrac. In all these instances, it is apparent that metabolic changes were 
produced in the thyroxine as an amino acid and that the production of 
Tetrac or Triac cannot be considered an “activation,” nor does the pres¬ 
ence of Trit seem to be necessary. 

The results with the heat-denatured tissue were surprising (Fig. 4). 
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% of Added T 4 



R.AI. Glue. Al. + Trypt. Al. 3 Days Killed Tiss. 

3 Ooys 3 Days T 1-3 D. Al. 3 Doys 


Fig. 4. jNIctabolisin of racliothyroxinc during kidney cortex incubation under 
certain of the conditions shown in Fig. 1 . Symbols as in Fig. 2 . 


% Radiooctivify 



Fig. 5 . Redistribution of the radioactivity present in kidnej" slices after 1 hours 
exposure to rudiothyroxinc at 37° C during a subsequent 3 days’ incubation in 
alanine-glucose. Column 1: original distribution of activity in tissue (T) and solution (j 
at the end of 1 hour at 37° C. Column 2; tissue portions of column 1 expanded to 10 /j- 
Columns 3 and 4 ; redistribution and metabolism of radioactive materials orignui 3 
present in the tissue (column 2) after incubation at 5° C for 24 and 72 hours, respcctnc j. 
Symbols as before: T 4 , thyroxine; Ac, Tetrac plus Triac; I, inorganic iodide. 
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There was a rapid “uptake” of thyroxine, and even after 3 days, the washed 
killed tissue contained more than four times the outside concentration of 
thyroxine. Furthermore, twice as much iodide had been formed as with 
the viable tissue. Extended studj"- of this phenomenon, to be reported else¬ 
where, has shown that thyronine is one principal product of deiodination. 

When proline was the added amino acid, the metabolism of thyroxine 
was ver}" nearlj'’ the same as in the presence of alanine. Some of these re¬ 
sults are presented in Figure 6, for comparison with alanine. There was 

% of Added T 4 



Prollne Pr.+Trypt. Pr. 3 Dovs 

3 Days 3 Day* T 4 1-3 0 


Fig. 6 . Metabolism of added radioth}'roxine (T 4 *) bj' kidne}- cortex slices incubated 
in Ringer-proline-glucose (Columns 1, 3) or Ringer-proline-glucose with trj'ptophan 
(Column 2). In column 3, thyroxine was present only after the first 24 hours of incuba¬ 
tion. Symbols designating partitioned radioactivitj' as in Fig. 2. 

approximately the same amount of thyroxine present in the tissue at the 
end of three da 3 'S in both, 43% in proline and 35% for alanine. Trj^ptophan 
blocked thjToxine maintenance, as before, but did not interfere with the 
production of Tetrac, Triac and iodide. Again, delajnng the addition of 
thyroxine until after one daj' of incubation, completely eliminated its ef¬ 
fect on kidnej’ metabolism, but introduced no more than the quantitative 
decrease in thyroxine products expected from the shorter time. 

Metabolism of Tetrac. Since Tetrac appeared as an earlj' metabolic prod¬ 
uct of thjToxine, its effect rvas next studied. Figure 7A shows that Tetrac 
maintained oxr’gen consumption of incubated kidne}' cortex slices in much 
the same manner as thjToxine: 119% of the initial Qo, value after 24 hours, 
101% after 48, and 78% after 72. 
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Chromatography of the tissue and medium after 72 hours of incubation 
(Fig. 7B) revealed most of the radioactivity in the former to be the original 
Tetrac, with a very small amount of iodide and another spot of low Rf in 
alkaline solvents. In addition to a smaller amount of Tetrac and a larger 
quantity of iodide, the medium contained enough of the low R, compound 
to account for 10% of the total radioactivity (see Fig. 8). When the incuba¬ 
tion solution was chromatographed using collidine-ammonium hydroxide 
an R, of 0.31 was obtained, strongly suggesting a glucuronic acid con¬ 
jugate. A preparative chi'omatogram was therefore run, using butanol- 



0 I 2. -3 

Days Incubated 
in R—Alanine-Glucose 


Fig. 7. Tetnic aclclition to kidney sdiccs. A. iMaintcnancc of o.xygcn consumption ivith 
added Tetrac (T4 ac). B. Metabolism of radioactive Tetrac during 3 days’ incubation. 
“Conj.” indicates glucuronic acid conjugate of Tetrac. 

ammonium h3'droxidc and the spot Avas eluted Avith methanol-ammonium 
h.vdroxide. After condensation in vacuo below 40® C, the material AA'as taken 
up in acetate buffer at pH 5 and incubated 2 hours at 37° C Avith a liA^er 
i3-glucuronidase (Warner-Chilcott Ivetodase®'). Under these conditions 
there Avas a small amount of deiodinalion, but chromatograph}" in collidine- 
ammonia and butanol-ammonia shoAved disappearance of the glucuro-con- 
jugate and appearance of Tetrac. It can thus be concluded that 12% of tlie 
Tetrac originall}" present Avas conjugated Avith glucuronic acid, most of 
this reappearing in the solution. The second conjugate AA'hich can be seen 
faintly in Figure 8 is believed to be a sulfate, although the amounts present 
Avere too small to permit isolation. 

Repeated mono- and bidimensional chromatograms Avere run Avitli m- 
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Ammonium—Hydroxide—Bulo no I 
Solutions after 72 Hours 
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Trit 
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Trit 


Fig. S. Autoradiograms of three different solutions after 72 hours’ incubation uith 
rat kidney cortex slices, chromatographed in butanol-ammonium hydroxide. Exposure 
times u ere not consistent from one strip to another, but relative amounts of radioactivity 
in tlic conjugates and inorganic iodide are comparable. The spots arc indicated upwards 
from the origin at the bottom: conjugates (Conj.), inorganic iodide, Tctrac in the tlij- 
roxiiic and Tetrac media, Trit and Triae with Trit medium. 
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cubation solution and tissue extracts. In no case was it possible to see a 
Triac spot even on bidimensional autoradiograms, interpreted as meaning 
that less than 2% of the Tetrac could have been partially deiodinated to 
Triac. The appreciable quantities of Triac formed in the thyroxine experi¬ 
ments, therefore, could not have come from Tetrac. 

Just as with thyroxine, tryptophan blocked the Tetrac maintenance en¬ 
tirely, but did not alter either deiodination or glucuro-conjugation. Thus, 
this is additional evidence that the oxygen consumption effect of thyroac- 
tive materials is exerted independent of the metabolism of these. 


A B 

X Initial Qog 



Fig. 9. Effect of Trit (Tj) on maintenance of oxygen consumption of kidney 
slices in Ringer-alanine-gluco.se. Other symbols as in Fig. 1. 


MeiaboUsm in (he jjvcscncc of 3,5,3'-Triiodothyromnc (Trit). Although 
Trit was not actuall}’ encountered at any time during incubation of the 
kidne}^ cortex slices with th 3 'roxine, the formation of Triac from thyroxine 
but not from Tetrac made it imperative to evaluate Trit. Figure 9 shows 
that this product also was capable of producing oxj'gen consumption ef¬ 
fects when it was added at the start of incubation or after the preliminary 
hour at 37° C. Maintenance, although clearly better than the blank, was 
not as effective as with thyroxine. 

Trit is known to be moi'e active than thyu-oxine in vivo, that is, the same 
metabolic stimulation can be obtained with one-quarter to one-tenth as 
much of the former. This does not occur in vitro, since the response to 
various concentrations of Trit is the same as with thyToxine. Trit has also 
been shown to be metabolized and eliminated from the body more rapidly 
than thyroxine (6). Figure 10 presents studies on the metabolism of Tut 
by kidney slices showing 60% penetration by 60 minutes, no more rapi 
than that of thyroxine. This value had fallen to 50% by’' 72 hours. Triac was 
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formed at about the same rate as Tetrac plus Triac in the case of tlo'roxine 
for the first 48 hours, although the 72-hour figure was greater with Trit. 
Iodide also appeared from both in approximate!}' equal amounts. There 
was only 37% of free Trit remaining after 72 hours, in contrast to 57% of 
the thyroxine. The disparity between the amounts left in the tissues was 
not as great, being 30% for Trit and 36% for thyroxine. It is not certain 



Fig. 10. Metabolism of radioactive Trit (Tj*) after various times of incubation as in 
Fig. 8. Other sj-mbols: Tj, Trit; Tj ac, Triac; Conj., glucuronic and sulfuric acid con¬ 
jugates of Trit; I, inorganic iodide. 

that any of these differences is adequate to explain the poorer m vitro main¬ 
tenance with Trit, or the greater metabolic effects obtained in vivo. 

Chromatograms of the incubation solutions in butanol-ammonium hy¬ 
droxide revealed two spots between the origin and iodide (Fig. 8). Run in 
collidine-ammonium hydroxide, treatment with bacterial ^-glucuronidase 
(Sigma) eliminated the spot of R t 0.3 and increased the amount of Trit. 
This material was, therefore, the glucuroconjugate of Trit. The second 
material, closer to iodide, appeared to be the sulfoconjugate of Trit, similar 
to that found in rat bile after administration of Trit to the animal (7). 
About 5% of the added Trit was conjugated by these two mechanisms 
during the first hour, increasing to 22% by the end of the experiment. 
Neither conjugate was found in the tissue itself, nor was iodide. 

Autoradiograms of the 72-hour bidimensional chromatograms presented 
an unexpected picture. From the tissue extracts, besides the anticipated 
Trit and Triac, there was obtained a faint spot of Rf 0.84 in butanol-acetic 
acid and 0.84 in butanol-ammonium hydroxide. An acid metabolite of 
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Trit other tlian Triac of 3,3'-cliioclotliyroacetic is suspected. In the incuba¬ 
tion solution, besides Triac, tlie conjugates mentioned, and iodide, there 
was a very faint spot of Kf 0.81 in Initanol-acetic and 0.20 in butanol-am¬ 
monium hydroxide, for which no identification can be offered. 

DISCUSSION 

There was an increase of the different metabolites of thyroxine during 
the time incubation of rat kidney slices. Similar results were obtained with 
Trit. The acetic acid derivatives fir.st accumulated in the tissue, then the 
excess passed into the incubation medium. Although Yamazaki and Sling- 
erland (8) did not encounter any acetic acid derivatives, these have also 
iieen identified as resulting from liomogenate action on thyroxine by 
Tomita e{ aJ. (0). Other components, such as the conjugates and iodide, 
passed rapidly out of the tissue and were found in much higher concentra¬ 
tion in the solution. 

It has been well established that tlie liver can conjugate thyroxine and 
related compounds (10). Taurog ci aL (11) demonstrated that kidney was 
also capable of a smaller level of glucuro-conjugation of thyroxine. The 
present studies not only confirm this renal activity but show that Tetrac 
is more readily conjugated than thyroxine, and Trit the most extensively 
of tlie tlii'ee. The autoradiogram.s strongly suggest that tlie last compound 
readily forms a sulfoconjugate as well as the glucuronic. The only obvious 
structural basis for these dilTerenccs in extent of conjugation would be in 
the case of Trit, where removal of the o'-iodine would give greater freedom 
of approach to the -1'-hydroxyl group. 

Thyroxine maintenance of respiration in these experiments could be 
achieved if the hormone was added after the first hour at 37° C, but not 
after 24 hours at 5°. The metabolites produced from thyroxine were the 
same under all these circumst.ances. This strongly suggests that thyroxine 
had an important elTect on something in the kidney cells which remained 
intact for about one hour at 37° C but was lost by 24 hours at the lower 
temperature, rather than involving some “active form” of the hormone 
(12). This concept is supported by two additional pieces of evidence. 
Added tryptophan completely blocked any thyroxine maintenance, but did 
not interfere with the production of Tetrac, Triac and iodide. Furthermore, 
addition of Tetrac instead of thyroxine did not give significantly different 
results. Other experiments, not reported here, have ruled out Triac as 
peculiarly active. 

The source of the Triac encountered during incubation with thyroxine le- 
quires some consideration. Tetrac always appeared first, and alwa 3 "s nas 
present in greater amounts than Triac, leading one to suspect Tetiac as 
the immediate source. However, added Tetrac yielded no Triac, wheieas 
Trit did, and in considerable quantitity, equal to Tetrac plus Triac horn 
thyroxine. Although no trace of Trit was found during the thyroxine ex- 
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periments, it seems probable that it must have been formed and immedi- 
atelj’’ deaminated and decarboxjdated. There always remains the un- 
provable possibility that Tetrac as produced from thyroxine is more labile 
than exogenous Triac added to the incubation medium. 

From many of the figures, it is evident that deiodination is a prominent 
feature of the metabolism of th 3 'roxine, as well as of Tetrac and Trit, bj" 
kidney tissue. The most unusual characteristic was that heat-killed slices 
showed twice as much deiodination at the end of 3 da 3 ’'s as did viable tissue. 
This point will be pursued more in detail elsewhere, but it can be noted that 
non-enz 3 'mic deiodination has been shown for liver and pancreas b 3 ' Lis- 
sitzky et al. (13). Larson et al. (14) and Tata (15) reported thermolabile 
deiodination by kidne 3 ’-, and b 3 '- brain and muscle, respectively. Under our 
conditions, the summated deiodination processes, if more than one, were 
less active in viable tissue. 

Considerably more iodide appeared in every experiment than could be 
accounted for on the basis of triiodo-compounds formed. Presumabl 3 ', com¬ 
plete deiodination of the respective parent compounds must have occurred, 
since the sensitive ceric-arsenious stain revealed no iodine spots correspond¬ 
ing to non-radioactive 3,5-iodinated compounds which might have been 
produced. Although thyronine has been identified as the principal product 
from heat-killed deiodination of th 3 Toxine, no identification of Paul 3 '-re- 
active compounds has been possible in the experiments on living tissue, 
because of the small quantities available, and the relative insensitivity of 
the color reaction as compared to the iodide test. 
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THE EFFECT OF TOLBUTAMIDE ON THE 
DIABETOGENIC ACTION OF 
SOMATOTROPIN^ 
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GLADYS PERISUTTI 

Deparimcnl of Clinical Science, University of Pittsburgh, 

School of Medicine, Pillshurgh, Pennsylvania 

ABSTRACT 

The aclministnition of tolbutamide to flogs by mouth prevents the diabeto¬ 
genic response wliich ordinarily occurs with the daily intramuscular injection 
of somatotropin. 

T he mechanism tvliereb}'’ tJie dail}' administration of somatotropin to 
tlie dog results in the development of a temporary diabetic state 
(idiohypophyseal diabetes) tvhich is followed by a permanent diabetic state 
(metahypoph 3 'seal diabetes) is still unknown (1, 2, 3). All available evi¬ 
dence supports the hypothesis that somatotropin induces an increased 
peripheral need for insulin with a resultant increase in the production of 
insulin by the beta cells of the pancreas and that when the rate of insulin 
utilization exceeds the rate at which it can be manufactured, the beta cells 
undergo degranulation and hydropic degeneration. Thus, the idiohypophys¬ 
eal diabetes is attributed to a relative insufficiency in the capacity of the 
pancreas to zneet the increased peripheral requirements for insulin while 
the metahypophyseal diabetes which persists after the cessation of the 
somatotropin injections is attributed to the destruction of the beta cells 
(1, 2, 3). 

The diabetogenic action of extracts of the anterior pituitary gland is in¬ 
hibited in fasted, fat-fed, insulin-treated and phlorhizin-treated animals 
(4, 5, 6). These measures presumabl.y reduce the peripheral requirements 
for endogenous insulin and thereby prevent the excessive stimulation other¬ 
wise produced by the administration of somatotropin. Since the hypogb'- 
cemic action of tolbutamide in most species is believed to be due, in part 
at least, to the secretion of insulin by the beta cells in the pancreas (7, 8, 
9), it became of interest to evaluate the effect of this compound on the 
diabetogenic action of somatotropin. 

METHODS AND KESULTS 

ALale dogs, weighing from 10 to 12 to 17 kilograms, were given a daily intramuscular 
injection of from 3 to 10 mgm. somatotropin per kilogram body weight for varia e 
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periods of time before, during and after the administration of tolbutamide. The tol¬ 
butamide was given daily by mouth in a single dose which varied from 50 to 100 mg. 
per kilogram bodj' weight. All dogs were given a constant dail}’ diet and any food that 
was not eaten by 4:30 p.m. was removed and weighed. Venous blood samples were taken 
between 8 and 9 everj^ morning before the animals were fed or given an}' of the com¬ 
pounds under stud}'. The daily urine e.vcretion was collected quantitatively. The con¬ 
centrations of glucose in the blood and the quantity e.vcreted in the urine was deter¬ 
mined by Nelson’s method (10). 

Illustrative of the effect of tolbutamide are the data depicted in Figure 
1. As noted by others (1, 2, 3), within a few da 3 's after the start of the dailj' 
injections of somatotropin, the dog developed a marked h 3 'pergl 3 'cemia and 
glycosuria which persisted throughout the period during which somato¬ 
tropin was given. By the third day after the dail}^ injections of somato¬ 
tropin were stopped, the blood sugar was back to the pre-treatment con¬ 
centration and the gl 3 ’^eosuria ceased. Subsequentl 3 ’', however, when the 
animal was given 50 mg. tolbutamide dail 3 '- by mouth, the administration 
of the previously diabetogenic dosage of somatotropin produced onl 3 ' a 
small transient increase in the blood sugar concentration and a transient 
gb'-cosuria. 



DAYS 

Fig. 1 . Effect of tolbutamide on diabetogenic action of somatotropin. 5 mg. somato¬ 
tropin per kilo injected intramuscularly daily during periods noted. During the second 
period of somatotropin administration, 50 mg. tolbutamide per kilo given daily by 
mputli. 
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The significance of these and similar data obtained with 8 other clogs is 
difficult to evaluate in view of the evidence that both somatotropin and 
tolbutamide produce l')cta cell stimulation. Yet tolimtamide produces a 
hj^poglycemic response and somatotropin a diabetogenic response when 
given alone. The prevention of the diabetogenic response when both agents 
are given at the same time suggests that excessive stimulation of the beta 
cells of the pancreas may not l')e the principle determinant in the diabeto¬ 
genic response to somatotropin. 

A chnowlcthjmcnls 

W(i are indebted to The. Endoerinology Study Section, N.I .II. for somatotropin (NIH- 
BGII-1), and to tlic Upjolin Comjniny for supplie.s of tolbutamide (Orinase). 
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THE ACUTE EFFECT OF SALTS ON THE URINARY 
EXCRETION OF RADIOIODIDE IN MICE^ 

H. ISLER 

Department of Anatomij, McGill University, Montreal, Canada 
ABSTRACT 

The acute effect of various ions on the urinarj' excretion of radioiodine vas 
investigated by measuring the radioiodinc excretion in the urine of mice in¬ 
jected with subcutaneously and given 0.517 milliequivalcnt of various salts 
through the gastric route. 

Sodium, potassium, rubidium, chloride, bromide, iodide ions increased the 
excretion of radioiodine, while lithium, calcium, ammonium, carbonate and 
acetate ions did not. Glucose and water had no effect. 

Since onlj' those salts releasing one or more highly dissociated ions did in¬ 
crease the e.xcretion of radioiodine, this effect appears to be due to an increased 
concentration of ions in the bodJ^ 

A DMINISTRATION of sodium chloride to mice increases the urinary 

excretion of the iodide ion to an extent such that a relative iodine 
deficiency and a stimulation of the thyroid gland may occur (1). The 
chemical property in sodium chloride responsible for this effect was in¬ 
vestigated in mice by administering sodium, chloride and other ions and 
measuring the amount of radioiodine excreted in the urine. 

MATERIALS AND METHOD 

The mice used were C^H or albino of either sex, aged 2-9 months. The tables indicate 
the strain, sex and age used for each experiment. Prior to the experiment, they had been 
fed for 3 weeks on a low iodine diet composed of 89% corn meal, 10% dried brewer’s 
yeast and 1% calcium carbonate and containing only traces of sodium and chloride (2), 
to minimize the urinar 3 ' excretion of iodide in controls. Then the animals were given 
0.2 ml. of an aqueous solution containing 0.517 milliequivalcnt of whatever salt was 
under investigation (30 mg. in the case of sodium chloride). The controls received an 
equal volume of water. The solution—or water—was introduced into the stomach cither 
by tubing, using a polj'ethylcne tube “intramedie” No. 10, the external diameter of 
which was 0.6 mm., or b.v injection through the muscular wall of the stomach. Immedi¬ 
ately afterwards, the mice received a subcutaneous injection of 10 pc. carrier free in 
0.2 ml. water. Each anjmal was then placed in a 250 ml. beaker fitted with a wire mesh 
floor allowing the urine to settle at the bottom and was given access to distilled water 
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but not to food. Two and a half hours later, the mouse was anaesthetized with ether in 
the beaker. Bladder and thyroid gland were removed. The thyroid was homogenized in 
10 ml. 2N NaOH. The beaker containing the urine and the bladder were washed with 
5 ml. 2N NaOH and 10 ml. water. In both cases 1 ml, of the solution was poured on a 
watch glass-supported lintinc filter disc, dried at room temperature and counted with a 
Gciger-Mullcr counter. Standards were made for thyroid and urine by adding a known 
amount of radioiodine to sodium hydro.xidc solutions. The counts were corrected for 
background and e.vpressed as a per cent of the injected dose of radioiodine. 

In one experiment the renal clearance of radioiodinc from the blood was measured. 
Two groups of mice were treated as indicated above, except that one group was sacri¬ 
ficed after 1 hour and the other after 3 hours. In addition, the radioiodinc content of 
blood (obtained by heart puncture) at sacrifice time, was measured. The clearance over 
the 2-hour interval between the 1st and 3rd hour after the beginning of the experiment 
was calculated according to the formula 


U, - U, 


LnBj — LtiBi 1 


- B, 


120 


ml. cleared per minute, 


where Ui and Uj arc the amount of I'*' e.xcretcd in urine during the first hour and the first 
3 hours respectively, and Bi and Bj the I'” concentrations in blood at 1 and 3 hours 
respectively, 

RESULTS 


Lithium chloride increased tlie urinaiy excretion of radioiodine (Table 
1), The effect of this salt may be attributed to the chloride ion since three 
other lithium salts (carbonate, acetate and fluoride) did not significantly 
influence this excretion. 

The two sodium salts tested, namely sodium pho.sphate and sodium bi¬ 
carbonate increased the urinary excretion of radioiodine (Table 1). The 
effect of sodium bicarlionate can be attrilmted to the sodium ion since 
neither the carlionate ion of lithium carbonate nor the hydrogen ion of 
acetic acid had any elfect. Thus both chloride and sodium ions were effi¬ 
cient in increasing iodide excretion. However, when used separately, neither 
one nor the other of these ions increased radioiodine excretion to the same 
extent as when used jointl.y in sodium chloride. 

Several salts containing neither sodium nor chloride ions were also ca¬ 
pable of influencing iodide excretion (Table 1). Thus, rubidium carbonate 
increased it, presumably through the rubidium ion. Potassium bicarbonate 
increased iodide excretion ten times, but the elfect could not be proved 
statistically due to the small numbers of survivors. Ammonium carbonate 
had no effect, calcium acetate and acetic acid decreased radioiodine excre¬ 
tion. All halogenides tested except fluoride increased radioiodine excretion. 
Iodide was sigtrificantly more potent than the other halogenides. Glucose 
had no influence on this response. 

Administration of large amounts of water had no effect. Table 1 shovs 
the results obtained in animals given food and water up to the time of in¬ 
jection, but other groups denied access to water or both food and watei 
during the night preceding the experiment did not show any effect of ''vafev 
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Table 1. The acute effect of 0.517 jiiLLrEQUivALENT of various salts on the 

URINARY excretion AND THYROID UPTAKE OF RADIOIODINE IN MICE 



Number 

% of injected radioiodine in 

Treatment 

of , 

Urine 

Thvroid 


mice 1 

Mean ±S.E. 

Mean ±S.E. 

(CjH male 2 months-old mice) 




Control 

8 

3.7+ 1.2 

23.1 +2.8 

Lithium carbonate (LisCOa) 

7 

5.5± 1.6 

7.9 ±4.5 

(Albino male 4 months-old mice) 




Control 

8 

9.9+ 2.3 

12.7 +1.6 

Lithium acetate 

7 

13.7± 5.5 

9.1 +1.0 

(CsH male 2.5 months-old mice) 




Control 

6 

4.7+ 1.1 

26.8 ±3.1 

Sodium bicarbonate (NaHCOs) 


S1.Z± 4-6 

23.4 +2.9 

Di-sodium phosphate (NasHPOj) 


S3.6± 4.9 

19.7 +1.2 

Sodium chloride 


53.8± 3.6 

17.1 ±1.4 

(CiH male 5 months-old mice) 




Control 

8 

3.2+ 0.9 

23.4 +1.7 

Potassium bicarbonate (KHCOa) 

3 

30.9 + 15.2 

10.8 ±2.6 

Sodium chloride 

8 

56.Z± 3.8 

13.5 +1.8 

(Albino male 3 months-old mice) 




Control 

8 

12.7± 3.1 

11.8 +0.7 

Rubidium carbonate (RbjCOj) 

8 

38.9± 8.6 

11.0 ±2.0 

Sodium chloride 

8 

47.S± 3.8 

10.4 ±1.2 

(Albino male 4 months-old mice) 




Control 

8 

I 9.9± 2.3 

12.7 +1.6 

Ammonium carbonate (NH<)2C03 

3 

16.0± 5.0 

13.1 ±4.2 

Sodium chloride 

7 

50.8± 5.3 

14.4 ±2.3 

(CjH male 5 months-old mice) 


\ 


Control 

8 

1 3.2+ 0.9 

23.4 +1.7 

Calcium acetate 

7 

1.1± 0.3 

9.7 +1.5 

Acetic acid 

8 

0.4± 0.1 

7.5 +1.5 

(CjH female 9 months-old mice) 


i 


Control 

8 

I 3.1+ 0.6 

10.4 +3.6 

Lithium fluoride 

7 

6.9+ 2.4 

11.4 +5.3 

Lithium chloride 

7 

1 14.1+ 2.5 

12.3 +4.4 

Lithium bromide 

8 

17.3+ 2.4 

11.0 +4.6 

Lithium iodide 

8 

38.5+ 5.0 

0.14 +0.04 

Sodium chloride 1 

8 

\ 55.6+ 8.8 

7.1 +3.2 

Glucose* 

8 

3.4± 1.0 

8.5 ±2.3 

(C3H male 3.5 months-old mice) 




A3’'ater 0.1 ml. 

8 

3.1+ 0.7 

15.3 +2.7 

iVatcr 1.5 ml. 

8 

2.7+ 1.0 

15.7 ±1.3 


The italicized values are significantlv different from the respective controls. 
* 0.517 millimoles. 


eitlier. (After injection of ivater, the animals were not allowed to drink 
water.) 

The thj’roid uptake of radioiodine ivas unchanged after administration of 
most of the salts, and was occasionaU 3 ’’ slightl}" diminished. But in mice 
given iodide, the thj'roid uptake was drasticallj’^ reduced and was onl 3 '- 
l/79th of the uptake in controls. 
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A niimlDer of salts were found to be toxic. Tiie toxicity of potassium bi- 
carlsonate and ammonium carbonate is reflected by the small number of 
animals surviving after 2.5 hours (Table 1). Ilydrochloric acid, ammonium 
chloride, ammonium fluoride, sodium fluoride, potassium fluoride were 
also tested, but were too toxic for conclusions to Im reached regarding iodine 
excretion. 

To investigate whether the increased excretion of radioiodine after ad¬ 
ministration of sodium chloride is due to a change in the functional acti¬ 
vity of the kidne.y, the radioiodine clearance from Idood was measured be¬ 
tween the first and third hours following treatment. Table 2 shoAvs that in 
sodium chloride treated mice the clearance Avas raised to 22 times the 
value in controls. 


DISCUSSION 

The respectiAm roles of sodium and clioride ions in raising the urinary 
excretion of iodide are clearly poinfed out by the data obtained: both sodi¬ 
um and chloride ions increased the radioiodide excretion in urine (Table 


Tabi.13 2. Eri'KCT or sodh’m ciii.ouiin: os iu.ood uadioiobide ceeauance bv the kid.vev 


1 

Trenlmenl 
(All)iuo niulo 3 
montiis-olcl mice) 

i 

Sneritice 

time 

(hours) 

i 

Number 

of 

mice 

% of injected I”' in 

Blood I”' 
kidney 
clearance 
(ml./minute) 

Urine 

1 ml. blood 

Menn±S.E. 

Meiin +S.E. 


1 

7 

7.0 + 2.1 

3.8+0.4 


Controls 


i 



0.007 


3 

7 

n .2 + 2.8 

3.7 ±0.5 



1 

i 7 

17.1 +4.3 

3.0+0.5 


Sodium chloride, 30 infi. 



i 

1 

0.152 


3 

i 

50.8±5.0 

1.010.4 

i 


1) and, thei'efore, both are responsible for the effect observed after ad¬ 
ministration of sodium chloride. 

The data obtained indicate that a similar effect could also be produced 
by ions othei- than sodium and chloride. HoAA’ever, the fact that some 
salts AAmre not effectiAm raised tlie question AAdiether an,y particular chemical 
property is responsible for the effect. When the salts iiiAmstigated Avere 
diAuded into those that do and t hose that do not increase iodine excretion, 
it appeared that the effectiAm salts AA'ere those Avhich introduced a large 
number of free ions in the bod}'. As is aa'cII knoAvn, a Avell defined fraction of 
any salt in solution dissociates into ions. Thus, a large proportion- of sodi¬ 
um, potassium, rubidium, chlorine, bromine and iodine ions dissociate 
from the other moiety in the salts used. All of them increased the excretion 
of radioiodine. On the contrary, the salts formed from a poorly dissociated 
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base- (e.g. ammonia) and a poorlj- dissociated acid- (e.g., h}'drofluoric, car¬ 
bonic, acetic), and which, therefore, liberate few ions, were inactive. Bases 
well dissociated like lithium and calcium hj^droxides,- but which form 
poorl}"- soluble salts with phj’’siological anions (phosphate, carbonate)^ were 
also inactive. The importance of the ionic concentration is also pointed out 
by the fact that sodium chloride which releases in solution 2 well dissociated 
ions was more potent than sodium bicarbonate or lithium chloride, which 
introduce onty one free ion, respectiveb'^ sodium or chloride. In addition, 
glucose whose ionization is negligible did not influence iodine excretion. 
Thus, it ma}" be concluded that the urinaiy excretion of iodine is increased 
whenever the concentration of ion in the body increases. This view also 
accounts for the observation that physiological saline has little effect on 
the excretion of radioiodine (3). 

Administration of iodide-I^^’’ (as lithium iodide), in addition to raising 
the ionic concentration of plasma like other salts, has two effects which do 
not occur under treatment with the other salts. Firstl}", the iodide ion which 
is administered with lithium iodide behaves exactly like the tracer which is 
being measured, and therefore “dilute” it. Secondl}", in the presence of a 
pharmacological amount of iodine such as that administered (66 mg.), the 
metabolism of iodide (and therefore of radioiodide) ma}" be modified not 
onlj’’ quantitative!}" but also qualitative!}".'' The respective role of these 
three factors in increasing radioiodide excretion is not known. It is possible 
that the increase in plasma ionic concentration raises the excretion of radio¬ 
iodide to the same extent as in lithium chloride or bromide treated mice, 
and that a further raise is produced by the “dilution” factor, by saturation 
of the iodide reabsorption capacity in the kidney tubule. 

The mechanism by which sodium chloride increases the urinary excretion 
of radioiodide cannot be explained merely on the basis of changes in the 
concentration of plasma radioiodide resulting from alterations in the ex- 
trarenal metabolism of iodine (e.g. change in blood circulation or in inter/ 
intracellular distribution) but involves a change in the functional activity 
of the kidney, since the clearance of the isotope was sharply increased 
(Table 2). This is in agreement with earlier observations (1) and with the 
increase in radioiodine clearance after administration of a number of sodi¬ 
um salts (chloride, bromide, iodide, bicarbonate) as well as of choline 
iodide reported by Halmi ct al. (4). 

- Degree of ionization of normal solutions of KaOH: 0.73, KOH; 0.77, HCl: 0.7S4, 
NH^OH: 0.004, HF: 0.070, HsCOj; 0.0017, CHjCOOH: 0.004, LiOH: 0.63, Ca(OH). 
(N716): 0.90 (5). 

’ Solubilities in cold water of Li 3 P 04 : 0.039 gm./lOO ml., Ca 3 (P 04 ) 2 : 0.002 gm./lOO 
ml., and CaCOs: 0.0015 gm./lOO ml. (5). 

•* Such a change has been observed in thyroxine metabolism (6): normally excreted in 
feces only, the hormone appeared in the urine after injection of large doses. 
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Effect of salts on radioiodine uptake hy the thyroid 

The occasional diminution in thyroid uptake observed after administra¬ 
tion of salts may be attril^uted to various factors. In the case of compounds 
which do not increase the urinary excretion of radioiodine, such as lithium 
carbonate, calcium acetate and acetic acid, the diminution in thyroid up¬ 
take is probably due to the toxicity of the salts. This factor probably also 
accounts for the diminution of radioiodine excretion in calcium acetate 
and acetic acid treated mice. In animals given sodium chloride the occa¬ 
sional decrease in thyroid uptake may be due to urinary losses depriving 
the thju’oid of radioiodine although toxicit}’^ may also play a role. The 
decrease in thyroid uptake reflects the decrease in lilood radioiodine level. 
Both decreases are slight early after treatment as in these experiments, 
but are much more marked later on (1). The very low uptake observed in 
mice treated Avith lithium iodide comes from the I*-' load AAdiich dilutes 
and saturates the capacity of the thyroid to incorporate iodine into 
organic compounds. 

In conclusion, the fact that onl}’ highlj^ dissociated salts increased the 
urinary excretion of radioiodine, suggests that iodide excretion is influenced 
b}^ the ionic concentration of plasma. 
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DISTRIBUTION OF C“-ESTRONE IN RATS AND DOGS^ 
BEFORE AND AFTER PLASMAPHERESIS 

AVERY A. SANDBERG, NATHAN BACK, J. R. SCHUBARG 
AND W. ROY SLAUNWHITE, Jr. 

Roswell Park Memorial Institute, Buffalo, New York 

ABSTRACT 

The present study was undertaken to demonstrate possible effects of plasma¬ 
pheresis on the distribution and clearance of C'''-estrone in rats and dogs. Plas¬ 
mapheresis was accomplished by removing | of the animal’s blood volume, 
substituting dextran or polj'vinyl pyrrolidone solution for the plasma, and re¬ 
injecting the mixture. This procedure was repeated 5-6 times. The plasma pro¬ 
tein concentration fell to less than 10% of the starting levels. In dogs following 
plasmapheresis the clearance of unconjugated radioactivity from the plasma 
did not differ materiallj’ from that in the same dogs before plasmapheresis. On 
the other hand, the glucosiduronate levels in the plasma were much higher 
following plasmapheresis than in the control experiments. Approximate!}^ twice 
as much radioactivity, primarily as glucosiduronates, appeared in the urine 
following plasmapheresis as before. In rats, distribution of radioactivity was 
determined in organs, excreta and blood 20 minutes following the injection of 
C'^-estrone. In control rats 84% of the radioactivity appeared in the gastroin¬ 
testinal tract and liver (54% and 30%, respectively) compared to 42% (15% 
and 27%, respectively) in the rats following plasmapheresis in which the plasma 
was replaced with 6% dextran in saline. Interestingly, 25% of the radioactivity 
was found in the lungs of the rats after plasmapheresis as compared to 2% in 
the controls. The administration of polyvinyl pyrrolidone to rats following 
plasmapheresis resulted in the appearance of 41% of the radioactivity in the 
gastrointestinal tract and liver and 6% in the lungs. More radioactivity was 
present in some of the organs and fat of rats who had undergone plasmapheresis 
and given polyvinyl pyrrolidone than in the control rats or in the rats given 
dextran. 

T he binding of estrogens to plasma proteins has been ampU demon¬ 
strated (1), but the significance of this binding in the transport, dis¬ 
tribution, or metabolism of these steroid hormones has not been ascer¬ 
tained. The study reported here represents an attempt to answer some of 
these problems and is based on the distribution of injected C^'‘-estrone in 
normal rats and dogs before and after plasmapheresis. 

aiATERIALS AND METHODS 

Jifalc and female Sprague-Dawley rats (250-425 gm. in weight) were anesthetized 
with sodium pentobarbital (25 mg. per kg.) given intraperitoneally. The carotid artery 
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and jugular vein were caimulated witli small pol.yetli 3 denc catheters. Seven to ten ml 
of blood were removed with a syringe from the arterial cannula, placed into a graduated 
centrifuge tube containing 0.1 mg. heparin, and centrifuged for 10 minutes. The plasma 
was removed and replaced by an equivalent volume of 6% dextran in 0.15M saline (Ab¬ 
bott) or 3.5% polyvinyl pyrrolidonc (PVP-Macro.se).^ The mixture was reinjected into 
the jugular vein through tlie venous catheter. In the rats undergoing plasmapheresis 
this procedure was repeated five times. Plasmapheresis was accomplished in 1-2 hours. 
At the end of the plasmapheresis procedure 10-C-cstronc (4,000,000 counts per minute 
/mg.) in 1 ml. of 6% dextran or PVP-Macrose was injected through the venous cannula 
and the cannula washed through with a small amount of plasma substitute. Each rat 
was injected with 125,000 counts per minute. The, rats were sacrificed by exsanguination 
through the arterial catheter twenty minutes following the injection of the steroid. 
The organs and tissue specimens were then removed, blotted free of blood, and stored 
at —10° C until homogenized. 'The frozen tissues were weighed and homogenized in 
water either by hand or mechanically, and extracted three times with large volumes of 
absolute ethanol. The latter was evaporated by air to a small volume, part of which was 
plated and the radioactivity counted. Digestion of the protein residue with sodium 
hydroxide (0.1 N) followed by extraction with chloroform failed to reveal any residual 
radioactivity. Control animals were operated on similarily, blood withdrawn, centri¬ 
fuged and then reinjected. To some of these bloods concentrated solutions of dextran 
were added to produce a final concentration in the plasma of 2-0%, to others 90 mg. 
or less of dextran were added. 

Plasmapheresis was ]mrformcd in dogs anesthesized with 25 mg./kg. of sodium pento¬ 
barbital I.V. by removing 300-500 ml. of blood from the femoral artery, centrifuging the 
blood, and substituting the idasma with 0% dextran in saline. This procedure was re¬ 
peated 5 to 0 times. The cells were reintroduced by intravenous infusion through the 
jugular vein. The dogs were then injected intravenously with 0.5-1.0//C. of C'^-estrone 
(1 fic. per 370 g.). 

The methods for extraction and hydrolysis of the plasma, urine, and erythrocytes 
with /?-glucuronidasc, at pH 1, and hot acid, and the determination of radioactivity in the 
urine and blood have been previously de.scribed (2). Total plasma proteins were deter¬ 
mined by the method of Gornali cl nl. (3). The electrophoretic pattern was determined 
by free zone electrophoresis using a Perkin-Elmer Alodel 38 electrophoresis apparatus. 
.‘Ml samples were dialyzed to equilibrium and the determination performed in barbitu¬ 
rate buffer (pH 8.G, ionic strength 0.1) according to standard techniques. 

RESULTS 

Since the major aim of the present study was to obtain as low a level of 
plasma protein as was possible, the most critical part of the experiment 
concerned itself with the rate of the plasmapheresis and the selection of a 
substitute for the removed plasma. Previous experiments had shown that 
the production of plasmapheresis in dogs over a prolonged period of time 
(one week) did not result in sufficient lowering of the plasma protein level. 
Hence, plasmapheresis was performed over a period of one to two horns, 
after which time the animals were injected with the radioactive estrogen. 

^ PVP-Macrose was kindly supplied by Dr. P. Puetzer of Shenlabs Pharmac^ticals, 
Inc. It consisted of a solution of 3.5% PVP containing 0.65% NaCl, 0.042% > 

0.025% CaCb, 0.0005% MgCb, and 0.024% NaHCOs. 
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In all experiments the plasma protein concentration fell to less than 10% 
(0.3-0.6 gm.%) of the original level (Fig. 1). 

Initial studies showed that the replacement of plasma with physiological 
saline resulted in early death of the animals. Hence, in the experiments in 
dogs the plasma Avas replaced by 6% dextran in saline. The condition of the 
animals Avas good throughout the time of the experiments. Figure 2 shoAvs 
the clearance of the mean unconjugated and conjugated radioactiAuty from 
the plasma of five dogs before and after the plasmapheresis, folloAAnng the 
injection of C^‘*-estrone. The dogs served as their oAvn controls. A period of 
at least three Aveeks elapsed folloAAung injection of radioactive estrogen be- 


Fig. 1. Electrophoresis pattern of plas¬ 
ma of Dog No. 2 before (solid line) and 
folloAA’ing (broken line) plasmapheresis. 
High peak on the right following plasma¬ 
pheresis represents the injected de.\tran. 
Note great reduction in the amount of pro¬ 
tein following plasmapheresis. 


I 

I 

I 
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fore the plasmapheresis experiments AA^ere performed. The conjugated 
radioacthdty AA^as maintained at higher IcAmls folloAA'ing plasmapheresis 
than in the control experiments. The conjugated radioactivity AA'as pri¬ 
marily in the form of glucosiduronates.^ This finding assumes further sig¬ 
nificance AA'hen examined in the light of the urinarj’" data shoAvn in Figure 3. 
The amount of radioactiAuty excreted in the urine during the six hours fol- 
loAAung injection of C'^estrone AA'as much higher folloAA'ing the plasma¬ 
pheresis experiments than during the control period, in spite of the fact that 
the amount of urine produced folloAA'ing plasmapheresis AA'as smaller than 
during the control period. As in the plasma, the major portion of the 
hydrolyzable and extractable radioactmty in the urine Avas in the form of 
glucosiduronates. Moreover, folloAA'ing plasmapheresis the amounts of the 

“ The term “glucosiduronates” has been used in this paper to refer to steroid metabo¬ 
lites conjugated with glucuronic acid. This nomenclature is in keeping with that pub¬ 
lished for “Rules of Carbohydrate Nomenclature,” Chern. Eng. News, 31: 1770, 195.3, 
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Table 1. Mean and ranges (in bahentheses) of feiicentages of injected dose of 

C'^-ESTRONE IN ORGANS OF RATS BEFORE AND AFTER FLASMAI’HERESIS 



Group A 

Group B 

Group C 

Group D 

Orpans 

Control rata 

No piasmaplicrcais 
(3M -1-2F) 

Piftsmnplicrpsis 
plus dextran 
substituted for 

1 plasum (4M-h2F) 

Dextran added 

1 to plasma, 

No plasmapheresis 

1 (2M+‘2F) 

Plasmaphcrsis plus 
BVP substituted 

1 for plasma (6M) 

G-I tract plus liver 

G-1 tract 

Liver 

Lung 

Kidneys 

Heart 

Testes 

Spleen 

Adrenals 

Bladder and urine 

Uterus and ndnexao 
Muscle (c/in/g.) 

Fat (c/m/g.) 

847o (80-80) 

54% (43-71) 

307o (16-38) 

2,0% (1-2.5) 

1.4% (l.l-l.C) 
0.3%, (0.2-0.5) 
1.4% h. 1-2.0) 
0.2% (0.1-0.3) 
0.1% (0.09-0.12) 
0.5% (0.3-0.7) 
0.4% (0.2-0.0) 

253 

470 

42% (18-04) 

15% ( 8-20) 

27%, (10-38) 

25% ( 0-40) 

2..3% (1.9-4.0) 
1.4% a. 1-2.0) 
0.8% (0.4-1.8) 
0.4%, (0..3-0.7) 
0.2%, (0.1-0.4) 
0.2%, (0.1-0.4) 
0.9%, (0.7-1.1) 
103 

515 

1 00%, (54-80) 

33%, (22-43) 

33%, (15-.52) 

7.0% (4.5-20) 
2.8% (2.2-5.0) 
0.8% (0.0-1.0) 
1.0% (1.0-2.0) 
0.4% (0.3-0.5) 
0.2%, (0.1-0.4) 
0.7%, (0.4-1.1) 
0.7%, (0.3-1.4) 
245 

348 

41% (31-48) 

18% ( 6-25) 

23% (15-37) 

„ (35%)* 

0.0% (2-15) 

3.5% (3.0-4.8) 
1.8% (1.4-2.9) 
1.7%, (1.3-3.1) 
0.3%, (0.1-0.5) 
0.1%, (0.09-0.12) 
0.3%, (0.2-0.6) 

231 

796 


* Pcrcentnpc of injected radioactivity in tlic UvetM of two additional rats not shown in the Table. 
M =malc. 

F =Fcinalo. 

c/m/g-counts per minute per gram tissue. 


urinarj’- conjugated C’''-estrone metabolites ^Yere much higher than those 
present in the control urines. 

Plasmaplieresis in the rats presented several problems, primarily with 
regard to the choice of the plasma substitute. Examination of Table 1 re¬ 
veals several interesting points. In the control animals (Group A) 84% of 
the injected radioactivity was present in the liver and the gastrointestinal 
tract 20 minutes after the injection of C*'*-estrone. Following plasma¬ 
pheresis in rats in which 6% dextran in saline was substituted for the 



Fig. 2. Clcamnce of me.Tn unconiug.Tted 
and conjugated radioactivity (following 
the i.v. injection of C’^-estrone) from the 
plasma of dogs before and after plasma¬ 
pheresis. Note much higher levels of radio¬ 
activity in conjugated (glucosiduronate) 
fraction following plasmapheresis. 
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Fig. 3. Excretion of radioactivity, (fol¬ 
lowing tlie i.v. injection of C^^-estrone) in 
the urine of 3 dogs before and after plasma¬ 
pheresis. 



plasma (Group B), the total amount of radioactivity present in the liver 
and the gastrointestinal tract was on the average only 42% (27% in the 
liver and 15% in the gastrointestinal tract). An extraordinary amount of 
radioactivity was present in the lungs (25%), with values as high as 46%. 
In the control rats only 2% of the radioactivity was present in the lungs. 

It was important to ascertain whether the above findings were due to the 
lack of plasma proteins or a special effect of dextran (4, 5). Others have 
reported that in animals receiving dextran in saline as a substitute for the 
plasma the mortalitj' rate was high, with most of the animals djdng of re¬ 
spiratory of circulatory failure. Some respiratory embarrassment was 
present in our experiments in some of the rats that survived and in which 
dextran was used as a plasma substitute following plasmapheresis. Such 
rats in our experiments received from 600 to 1000 mg. of dextran. To test 
the effect of dextran without plasmaphoresis, a solution of dextran was 
concentrated three fold in a freeze-drying apparatus. This concentrated 
solution (0.5-3.0 ml.) containing 90-540 mg. was added to the centrifuged 
blood of normal rats before it was injected. It should be pointed out that 
the plasma was not removed from these bloods and that the cells were re¬ 
suspended by gentle shaking of the sample before injection. The averaged 
results, Table 1 (Group C), show that 7% of the radioactivity was found 
in the lung. In one rat, who had received 540 mg. of dextran, 20% of the 
radioactivity was present in the lung, whereas in another identically 
treated rat over 4.5% was present in the lungs. 

In order to obviate the untoward effect of dextran, plasmapheresis was 
performed on rats and the plasma i-eplaced with PVP-iMacrose. The latter 
is considered to be less toxic in the rat than dextran (4, 5). The results 
are shown in Table 1 (Group D). The rats seemed to tolerate PVP-hlacrose 
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better than dextran. The average radioactivity found in the gastrointesti¬ 
nal tract and the liver of these animals was 41% with approximately 30% 
in the liver. About 6% of the radioactivity was found in the lung, with the 
range being 1-15%. More radioactivity was found in the heart, kidneys and 
fat of the rats receiving PVP as a plasma .sul^stitute than in any other 
group. 

The distribution of the radioactivity in tlie plasma and erythrocytes fol¬ 
lowing the injection of C'-estrone in rats showed some deviation from the 
controls when plasma substitutes were added (Table 2). More of the radio- 


Table 2. Mean radioactivity in im.asma and erythrocytes of rats 20 minutes 
FOI.IiOWINO THE IN.IECTION OF C"-ESTUONE (o/m/lO nil.)t 


Group* 

Uncoil jupalod 
fr.TCtion 

Gluco- 

sitluronatc 

fniclioH 

“Sulfiitc” 

fraction 

Acid 

hydrolyzahle 

fraction 

RBC 

A 

4()0 

300 

120 

100 

G80 

B 

1100 

l.'iO 

100 

20 

1100 

C 

000 

300 

110 

50 

1300 

D 

1100 

SO 

100 

no I 

1 

1100 


* Grouii.s A, B, C aiul D arc idi'iitival with liioso in Talilc 1. 

t The radioactivity was Hieasiircd in sampie.s of hlood the volume of which varied from 
7-10 ml. 


activity was present in the unconjugated fraction and associated with the 
red blood cells in animals receiving plasma substitutes than in the control 
rats. The total amount of radioactivity present in the total blood volume 
of the largest rat at the time of exsanguination represented less than 10% 
of the injected radioactivity. 

No binding of C' '-cstronc could be demonstrated to 6% dextran in saline 
or PVP-Macrose under cquililjrium dialysis techniques previously de¬ 
scribed (1). 

DISCUSSIOK 

From Figure 2 it is evident that plasinaphei'esis of dogs had no effect on 
the concentration or rale of disappearance of imconjugated radioactivity 
following the injection of C‘''-estrone, but did produce an increase in the 
level of the conjugated fraction. The reason for this dichotomy is not 
known and exemplifies the need for more detailed knowledge of the binding 
of conjugates than previous experiments have afforded (1, 8). The greatei 
urinary excretion of radioactivity following plasmapheresis is thought to 
be a reflection of the higher plasma levels of the conjugated steroids lathei 
than an effect of the lowered protein concentration, since the rate of dis 
appearance of the conjugated radioactivity was nearlj^ the same as that be 
fore plasmapheresis. This would be consonant with the Ijigh binding ca 
pacity of albumin for the estrogen conjugates (8). Even at the low concen 
tration of plasma protein attained following plasmapheresis, theie veie 
probably several grams of albumin left in the circulation.^ 

Previousl}^ reported studies from our laboratory indicated a possi 
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relationship lietween the Irinding of a steroid to human serum albumin 
and its excretion in the bile of human subjects (9). Those steroids which are 
bound avidl}’ to serum albumin (estrogens, progesterone) are primarilj^ 
excreted in the bile, while those steroids which are weaklj- bound by human 
serum albumin (cortisol, ll/S-hydroxjmndrostenedione) are not excreted in 
the bile to any great extent. If the binding to dog serum albumin bears a 
similar relationship between the steroids and the excretion in the bile, the 
plasmapheresis and the resultant lack of serum albumin could conceivably 
result in decreased biliarj" excretion of the radioactive metabolites of C*’*- 
estrone. It should be pointed out that plasmapheresis may remove factors 
other than serum proteins from the plasma of the dogs which may be neces¬ 
sary for the normal excretion of the metabolites of estrone in the bile. 
Thus, the changes in distribution ma}' be related more to these factors than 
to the plasma proteins. 

Even though the period of studj' following injection of the steroid was 
very brief (20 minutes), it can be seen that in the control rats 80-89 per 
cent of the radioactivity was already present in the liver and gastrointesti¬ 
nal tract, with 43-71 per cent in the latter. Valcourt ei al. (6) have shown 
that following intramuscular or intragastric administration of C^'^-estrone 
to rats 70% of the radioactivity appeared in the stools in 4-5 days. Follow¬ 
ing cannulation of the bile duct, 85% of the radioactivit}'^ appeared in the 
bile, with only negligible amounts in the urine or feces. Studies in our 
laboratory have shown that following intravenous injection of C’^^-estrone 
into rats with bile ducts cannulated, over 90 per cent of the radioactivity is 
recovered in the bile within one hour (7). The data of the present study 
also indicate rapid excretion of the radioactivity into the gastrointestinal 
tract, probably via the bile. The liver contained considerable amounts of 
radioactivity and, on the basis of the studies mentioned previously (6, 7), 
there is reason to beheve that these metabolites were destined to be ex¬ 
creted in the bile. The endocrine glands examined contained a low level of 
radioactivity, as did the bladder and its contents of urine, when compared 
to that of the liver. It is interesting to note that the fat contained more 
radioactivity per gram of tissue (approximate!}" 500 counts per minute) 
than the muscle (250 counts per minute). Negligible amounts of radioac¬ 
tivity were present in the blood, most of it appearing in unconjugated 
fraction of the plasma or associated with the red blood cells. 

Since the administration of dextran, and also probably PVP-iMacrose, in 
the rat results in adverse effects on the small blood vessels and other S 5 "s- 
tems (4, 5), it is difficult to interpret the results of plasmapheresis. The 
presence of considerable radioactivity in the lungs of rats given dextran 
following plasmapheresis, and in some rats following PVP-Macrose, may 
be related to pooling, extravascular extravasation or trapping of the C*'*- 
estrone by the reticuloendothelial S 3 ’'stem of the lung. The abnormalities 
in the distrilDution of the radioactivity following C^^-estrone injection in 
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rats given dextran or PVP may be related not only to the adverse effect of 
the plasma sul^stitutes, but also to the lack of plasma proteins. Thus, dex¬ 
tran is known to adversely affect the vascular system of the rat (4, 5) and 
the abnormal distributions of the radioactivity of C‘‘'-estrone may be ac¬ 
counted for on the basis of a shock-like state in the rats given dextran. 
This explanation does not hold true, however, for the rats given PVP. The 
reasons for the abnormal distribution of tlie radioactivity in these rats re¬ 
main unknown. 

It has been previously demonstrated that in the rat the biliary route 
serves as the major pathway for the excretion of steroid metabolites (6, 7, 
10-14). Of all the steroids studied, C'‘'-estrone would seem to be the steroid 
most quantitatively excreted in the bile of the rat. The present studies in¬ 
dicate that the presence of plasma proteins plays an important role in the 
excretion of these metabolites in the bile of the rat and that in the absence 
of such proteins, the distribution of the injected radioactive C''*-estrone is 
modified with resultant decreased excretion of its metabolites in the bile. 
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THE EFFECT OF ESTROGENS ON BONE PHOSPHATE 
ACCRETION, RESORPTION, AND 
EXCHANGE IN AIICE 

R. E. RANNEY 

Division of Biological Research, G. D. Searle & Co., Chicago, Illinois 

ABSTRACT 

The effect of estrone on the bone phosphate accretion rate, the size of the 
exchangeable fraction and resorption has been measured. The estrogen treat¬ 
ment enhanced both accretive and resorptive mechanisms associated with the 
non-exchangeable bone phosphate while there was little effect upon the size 
of the e.xchangeable phosphorus pool. The turnover time of stable bone mineral 
was reduced from 18.5 to 13.0 daj's bj^ the treatment. An assaj' procedure in 
which an "accretion index” was calculated showed the relative potencies of 
estrone, estradiol benzoate and dieth 3 'lstilbestrol to be in the ratio of 9:2:1, 
respectivelj’. 

I T IS an established fact that estrogens may modifj^ bone growth and 
mineral deposition (1), but the extent to which these hormones effect 
such changes has not always been quantitatively elucidated. Recentlj'’ 
Bauer et al. (2, 3) have described an analytical approach that makes it 
possible to measure separately the apparent accretive and resorptive 
mechanisms that exist simultaneously in bone. We have applied the 
formulae of Bauer et al. to a study of the effect of estrogen on bone phos¬ 
phate accretion and resorption in mice. In addition, we have used an 
“accretion index” to define the relative potency of three estrogenic mate¬ 
rials in terms of their abilitj’- to modify bone metabolism. 

METHODS 

Young, adult male mice fed a commercial laboratorj”^ chow were divided into 10 
groups of 8 animals each. Five groups received O.S mg./kg. estrone in corn oil dailj' for 
22 daj’s, while the others received oil alone. At intervals of 4, 24, 48, 96 and 144 hours 
before sacrifice a treated and a control group were given subcutaneouslj' 2 microcuries 
of P” as sodium phosphate. All animals were sacrificed on the 23rd da}^ and plasma and 
left tibiae were sampled. Plasma inorganic phosphate was estimated in the manner 
described b.y Bauer and Carlsson (2) using the colorimetic method of King (4). Aliquots 
of the acid filtrate of plasma were mounted directlj' on lens paper supported bj^ copper 
planchets and the radioactivity measured wdth an end-window geiger tube. Tibia samples 
were autoclaved to facilitate removal of flesh and after cleaning were dried overnight at 
110° C. The bones were weighed, dissolved in 1 ml. nitric acid and then 0.2 ml. perchloric 
acid was added to clarity the solution. Water was added to make 5 ml. and aliquots were 
mounted for radioactivity measurement as described above. 
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To measure the effect of estrone on the apparent turnover rate of Ijonc phosphate 2 
groups of 16 male mice each were injected subcutaneously with 2 microcuries of radio¬ 
active sodium phosphate. The treated group then received daily 0.8 ing./kg. of estrone 
in corn oil; the control received the vehicle alone. Half the animals in each group were 
sacrificed after 7 days of treatment and the remainder after 14 days. Tibiae were analyzed 
for as described above. 

A simplification of the experimental approach described above provided a con¬ 
venient assay procedure by which a comparison could be made of the effects of various 
estrogenic materials upon the accretive phase of bone metabolism. Estrone, estradiol 
benzoate, and dicthylstilbestrol wore administered daily in oil for a period of nine davs 
to groups of 10 animals each. On the 5th day after the start of the treatment all animals 
including a control group received two microcurics of P^-; the mice were sacrified on the 
10th day and plasma and tibiae were sampled. The measurements of plasma phosphate 
specific activity and of bone P^- were carried out as described above. 

RESULTS AND DISCUSSION 

Bo77e Phosphalc Accrch'o?}, Exchm^Qc (md Rcsporiio77. Table 1 illustrates 
the lionc uptake of P^- and the .specific activity of plasma inorganic phos- 


TaBI.E 1. DiSTUIIU'TION ok P^- in TlltlA AND IM.ASMA OK MICE TUEATEI) WITH ESTRONE 


Time 

(hrs.) 

Pla.sma 

])hosphate (/ig./ml.) 

Plasma .sjieeilic 
activitv* 

(% P’VMg. Pxioq 

Tii)ia P’- 

(% P"/gm.) 


Control 

Estrone 

Control 

Estrone 

Control 

E.strone 

4 

S4.S 

57.0 

2.80 

2.90 

8.09+ .39 

10.5 + .7** 

24 

58.6 

51.7 

2.04 


9.47+ .48 

12.1+.7*** 

48 

53.2 

71.4 

1.49 


1 12.02 + 1.14 

12.2±.5 

96 

07.6 

79.4 

.709 

.880 

S.87± .32 

11.G+.7*** 

144 

71.5 

75.5 

.504 


S.73± .41 

11.2±.4** 

Mean 

07.1 

07.0 

— 

- 

— 

1 


* Plasma specific activitv is jier cent P’- recovered jicr niicrogram plasma phosphate. 
**P<.0n. 

P<.01; unstarred value is not significantly dilTercnt from control. 


phate as well as plasma inorganic phosphate concentration. Although there 
is a variation in plasma phosphate level between groups the average of tlie 
40 treated mice is nearly' identical to that of the 40 control animals. 

For the calculation of the accretion rates, equation (7) of Bauer et ah (3) 
has been slightl.y modified. 

Po4 — ATSmi Sj 

P 021 — ATSm24 S 24 

where: Po is the per cent administered P''^ recovered per gram bone at the 
time indicated (subscript); A is the accretion rate; T is the time aftei the 
administration of the isotope; Sm is the mean specific activit}^ of plasma 

^ Specific activity is defined as the per cent administered P^- recovered/fig- plasm, 
phosphate. 
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Fig. 1. Plasma specific activity¬ 
time curves. The abscissa indicates 
elapsed time after administration 
of isotope; [the ordinate indicates 
specific activity defined as per cent 
P^- recovered per yg. plasma phos¬ 
phate. Sj^mbols: open circle, control; 
open square, estrone 0.8 mg./kg. 



phosphate during this time interval; and S is the specific activity’ of plasma 
phosphate at any given time. The integrated function, TSm, was measured 
planimetrically from the specific activity-time curves for the plasma phos¬ 
phate of the control and treated animals (Fig. 1), and Po and S were taken 
from Table 1. Solving for A, the accretion rate^, resulted in a value appreci¬ 
ably higher in the estrone treated animals than in the controls (Table 2). 
Since the value Po in the estrone treated animals was in almost every case 
significant^ different from that for the control animals, we assumed this 
difference in accretion rate to be statistically significant. To calculate E, 
the amount of P in the exchangeable fraction in bone, we have modified 
equation (4:1) of Bauer et al. (3) to read: 

Po24 = ES 24 4“ ATS^I24 (2) 

where: E is the amount of P in the exchangeable fraction of bone; and the 
other-s 3 mibols are as defined above. As shown in Table 2 the size of the 
exchangeable fraction of bone P was essentially unchanged b 3 ’ the esti-one 
treatment. From these values for the rate of accretion of bone P and the 
size of the exchangeable P pool of bone we have calculated: Pa, the per cent 
administered P”- incorporated into the non-exchangeable fraction of bone 
through accretion, 

_ Pa = ATS.m: (3) 

- During the interval 0-24 hours after isotope administration Bauer, el al. (3) demon¬ 
strated that resorptive mechanisms do not affect P^" levels in bone and therefore may be 
ignored in the calculation of “A” and “E” during this time interval. 
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Tabi-e 2. The accketion bate and the exchangeable fraction in tibia 

OF MICE TREATED AVITH ESTRONE 


Treatment 

Mean 
body wt. 
(gm.) 

Accretion 
rate, “A” 

(ng. P/gm./hr.) 

Exchangeable 
fraction, “E” 

(lig. P/gm.) 

Control 

32 

82.5 

2.56X10= 

Estrone, 0.8 mg./kg. 1 

34 

112.0 

2.96X10= 


Pe, the per cent administered P’- present in the excliangeable fraction of 
bone, 

Pe = ES; (4) 

and Pr, the per cent administered P-''^ removed through resorption, 

Pr = Pa + Pe — Po- (5) 

The bone fraction-time curves illusti-ating tiiese values for control and 
estrone treated animals are shown in Fig. 2. The control pattern shown 
in this report is not unlike that presented by Bauer, el al. (2) for the rat. 
From the reports of these workers (2, .3) we have estimated a tibia shaft 
accretion rate of approximately 45 ng. P/hr./gm. in a 250 gm. rat, which is of 
same order of magnitude as our value of S3 fxg. P/hr./gm. for the whole 
tibia of the mouse. It must be remembered that the accumulation of 
isotope in the shaft proceeds at a slower rate than in the ends of the long 
bones (3). 



Fig. 2. Bone fraction-time curves. The 
.nliscissa indicates elapsed time after ad¬ 
ministration of isotope; the ordinate indi¬ 
cates per cent isotope calculated in bone 
fraction. Symbols: Pa, accretive incorpora¬ 
tion of isotope into non-exchangeable frac¬ 
tion of bone; Pr, resorptive removal of iso¬ 
tope from bone; Pr, isotope present in e.x- 
changeablc fraction of bone. Subscripts 
CONT and EST designate control and 
estrone treated groups, respectiA'ely. 
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It is evident that, whereas the amount of residual P^- in the exchangeable 
fraction (Pe) was only slightl}'^ increased by the treatment, both accretion 
and resorption mechanisms were stimulated to greatly increased acti^dt}' 
by estrone. 

Bone Phosphate Turnover. To confirm directlj^ the evidence that bone 
phosphate turnover was enhanced by estrone treatment we have calculated 
the turnover time from the rate of disappearance of bone phosphate during 
the interval 7-14 da 3 'S after isotope administration (Fig. 3). At this time 


Fig. 3. Bone phosphate disappearance 
curves. The abscissa indicates the elapsed 
time after isotope injection; the ordinate 
shows the per cent P^- remaining in bone. 
The curves have been normalized so that 
the intercept at time 0 = 100%. The nor¬ 
malizing factor = 2.0. The vertical lines 
indicate the standard errors. 



interval the amount of bone P^^ contributed bj’’ the exchangeable fraction 
is veiy small (Fig. 2), and the observed decrease in bone P^- can be at¬ 
tributed to resorptive mechanisms associated with remodeling of the bone 
structure. Calculation of the turnover time of bone phosphate according 
to the method of Zilversmit el al. (8) resulted in a value of IS.5 daj's for the 
control animals while the estrone treated mice exhibited a turnover time of 
13.0 daj'S. 

The evidence presented in this report indicates estrone augmented the 
turnover of bone phosphate in mice, both accretive and resportive mecha¬ 
nisms being stimulated to higher levels of activity than were obseri'ed in 
the control animals. Since Edgren and Calhoun (5) in similar experiments 
ha'\'^e shown estrone to induce an increase in bone densitj*, we must con¬ 
clude that to effect such a net increase in bone mineral phosphate the hor¬ 
mone must necessaril}" have enhanced bone mineralization more profoundlj- 
than bone remodeling. 

Bone Accretion Index. To effect a quantitative comparison among various 
estrogenic materials an assa}" based on equation (3) described in the 
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Table 3 . The effect of estrooens on the bone accketion indices of male mice 


K.vperi- 

nient 

Group 

Compound 

Dose 

(lllR./kR.) 

PlnBiim 

specific 

activity 

■■s”t 

Bone 

J>J2 

Accretion 

indev 

“Art 

aejntive potency as 
dctcrmjned by; 

Accretion 

index 

Bone 

density (5) 

1 


Control 

— i 

HE? 

19.0 ' 

33.4±4.0 





K.itrone 

0.1 


17.1* ! 

38.G±1.7 

, 




Estrone 

0.4 


17.1* 

43.8±3.3 

_ 




Estrone 

0.8 

BEeiSI 

17.8 

54.0±4.4** 

0 0 




Esfrtidiol 




1 

1 



1 

Benjoute 

.3.0 

.410 

21.8 

53.1±4.7** 

2,1 




Diethvl- 



1 

i 

"* ! 



® j 

fitilbe,strol 

7.0 

.355* 

17.0* 

47.8±2.2** 

1.0 

1.0 

2 

7 

I Control 

__ 


23.3 

42.4±3.8 




8 

Kstronr 

o.r. 

Be 

28.1* 

69.7±3.8* 

1 __ 



9 

Estrone 

1.0 


29.7 

G2.S±5.5** 

7.0 

7 ^ 


10 

Oietliyl- 









8tiU)(*stro! 

7.0 

..542 

30.2** 

55.7±4.8* 

1.0 

i 1 n 


11 

SC-0924*** 

.50.0 

.500 

25.8 

45.oil.7 

0 

0.01 


t Symbols me defined in the 10 x 1 , cqmilion (5). 

* P <.05; niistnrrcd values arc not siRnificanlly different from controls. 

** P <.01. 

*■►* SC-0024, Mnnvcnc, is 3 niethoxy 10 mefliyl, 1, .3, 5(10) estratriene 160 17/9 diol, and is an estrone derivative that 
profoundly \uodifics the lipid metabolism of the chick (0) but evidences only wi’ak estro/tenic properties. 


preceding section ims been developed. We liave defined the accretion 
index as: 

Po 

At = - (6) 

where: AI is the accretion index; Po is the per cent administered P’’- re¬ 
covered per gram bone; and S is the specific activity of plasma phosphate 
at the time of sacrifice. In arriving at this means of quantitatively express¬ 
ing the effect of an estrogen upon bone metabolism we have ignored the 
effects of resorption and have assumed the plasma specific activity at 
T = 120 hours to be proportional to the integrated mean Sm. In eliminating 
consideration of resorption in the calculation we err on the conservative 
side, since we are, in effect, calculating a function of'the 7?cf accretion rather 
than one of the total .synthetic product. The similarit}’’ of shape of 
the plasma specific activity curves of the control and treated mice (Fig. 1) 
lends credence to our assumption that the plasma specific actvities at 120 
hours are representative of Sm. We have in addition assumed the contribu¬ 
tion of the exchangeable fraction, Pe, to the observed bone P®- at T = 120 
hours to be negligible and the curves described in Figure 2 show this 
assumption to be essentiall}’’ correct. As can be seen in Table 3 neither the 
plasma specific activity, S, nor the per cent P^“ incorporated into bone, 
Po, is as reliable a test of the ability of a material to enhance mineral dep¬ 
osition as is the acci'etion index. In two experiments using diethylstil- 
bestrol, estradiol benzoate, and estrone a comparison of our potency esti¬ 
mates with those of Edgren and Calhoun (5), derived from bone densitj 
studies exhibited excellent agreement of the two methods. 
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EFFECT OF CORTISONE ON GROWTH OF CHICK 
EMBRYOS DURING EARLY EMBRYOGENESIS' 

DONALD S. PICKMAN, ALICE PIDLEY, MICHAEL ORGEL 
AND HERMAN T. BLUMENTHAL 

The InsHtvlc of Ex-pcrimcnlal Paihologij, The Jetuish Ilospilal, Si. Louis, Missouri 

ABSTRACT 

Cortisone acctiitc was administered on the initial day of incubation and at 
two or three day intervals thereafter to Cornish cross-White Hampshire chick 
embryos. The weight and length measurements were compared with controls 
on the fourth, seventh and tenth incubation days, A growth retarding effect of 
cortisone was demonstrated, which was more strikingly manifested in the al¬ 
teration of the average length of the embryo in the earliest period, and in the 
alteration in average weight in the later periods. With this demonstration of 
growth retardation as early as the fourth day of incubation, it would appear 
unlikely that this effect is due to a suppression of somatotropin secretion by the 
hj'pophj’sis, since the latter is not fully differentiated prior to the tenth day. It 
would appear more likely that this effect represents a direct inhibition of pro¬ 
tein synthesis and growth by cortisone. 

R ETARDATION of the growtli rate and clianges in the anatomy of 
; the developing cliick emlDiyo following the administration of adrenal 
cortical extract (7), DCA (11), and cortisone acetate (3, 6, 13) have been 
reported. From these observations it would appear that there is a sym¬ 
metrical retardation of growth. Karno.sfsky cl oh (6), in particular, have 
further reported that cortisone does not affect the growth rate until after 
tlie eighth day of development, and that tlie hormonal effect is diminished 
after the tenth da}'. They have postulated, therefore, that cortisone may 
interfere with some new substrate which normally appears during the mid¬ 
period of emiDryogenesis (eighth to twelfth days), coincident with the de¬ 
velopment of many new functions, including the peak development of the 
mesonephros. 

Siegel et oh (13) have considered this cortisone effect as mediated through 
an inhibition of the pituitary, Ijased primarily on the observation of Fugo (5) 
that h 3 'poph.ysectomy of the chick embr 3''0 has no appreciable effect on its 
growth and development until after the tenth day of incubation, and by 
analogy from the observations on postnatal animals of various species 
(2, 4, 12, 14), which show cortisone effects having a hypophyseal depend- 

Reccivecl October 20, 1958. , i 

' This study was supported in part by research grant C-2721 (Cl) from the i a 
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ency. Furthermore, Allbright (1) has considered the well-known suppression 
of protein synthesis by cortisone an "anti-anabolic” rather than a direct 
catabolic effect, and Li (8) is of the opinion that this effect is one of an 
antagonism to h 3 "pophyseal growth hormone. On the other hand, Buno and 
Go 3 "ena (2) have shown a direct in vitro inliibition of the grovdh of chick 
embr 3 'o femur b 3 ^ cortisone. The present experiments compare the growth 
retardation of cortisone on the chick embryo prior to da3^ 4, before the 
development of an intrinsic functional endocrine S 3 '-stem, with that ob¬ 
tained b 3 " da 3 's 7 and 10 when there is doubtful intrinsic endocrine activit 3 '. 

MATERIALS AND METHODS 

Cornish-cross, White Hampshire chick eggs were drilled with a sterile teasing needle 
and injected chorioallantoicalb^ with the various solutions and suspensions noted below, 
using a 1 ml. sj'ringe. In the first experiment the embryos received injections on the 

Table 1. Injected on days 0, 3, 6 and 9: Examined on day 10 


Experiment 

Dose 

Survival 

rate 

Average weight 

Average length 

Cortisone Acetate 

1 mg. in 0.2 ml. 

13/18 

1.27 + . 14i* gm. 
(1.05-1.55)** 

27.6 + 1.5* mm. 
(25.0-30.0)** 

Cholesterol 

1 mg. in 0.2 ml. 

10/18 

1.64 + .09 gm. 
(1.45-1.75) 

30.2±2.8 mm. 
(21.0-30.5) 

Sodium Chloride 

180 mg. in 0.2 ml. 

12/18 

2.93 ± .13 gm. 
(2.65-3.20) 

32.8 +0.5 mm. 
(32.0-33.5) 

Sham Operated 


15/18 

2.73 + . 14 gm. 
(2.50-3.0) 

34.6+0.5 mm. 
(33.5-35.5) 


* Standard deviation. 
** Range of variation. 


day of incubation, and on the third, sixth and ninth da 5 's thereafter. In the second e.xper- 
iment injections were made on the daj^ of incubation, and on the second, fourth and 
sixth daj's thereafter. And in the third experiment the embr 3 'os were injected on the 
daj' of incubation and on the second day thereafter. In the first two experiments the 
embryos were examined on the daj’ following the last injection, and in the third experi¬ 
ment on the fourth incubation daj'. In each experiment, all groups were injected at the 
same time and incubated sim^ltaneoush^ 

One group in each experiment received 1 mg, of cortisone acetate in 0.2 ml. of dis¬ 
tilled water per injection; another group in each experiment received 0.2 ml. of 0.9% 
saline per injection, and a third group was sham operated. A cholesterol suspension 
(1 mg. in 0.2 ml. distilled water) was used as an additional control in the first experi¬ 
ment, but this was replaced b}’ an aqueous solution of sodium deso.x 3 'cholate in experi¬ 
ments 2 and 3, because of the latter’s closer chemical identity with cortisone and because 
the insolubility of cholesterol presented difficulties in maintaining a uniform suspension. 
Thus each experiment consisted of 3 control groups and a cortisone test group. 

At the completion of the incubation period, the cmbrj’os were separated from all 
extraembr 3 'onic materials, blotted thorough^ and weighed individually. The}’ were also 
then individual!}’ measured from crown to extended toe. The data thus obtained were 
averaged and standard deviations determined, as shown in Tables 1, 2, and 3. 
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RESULTS 

The data in theTirst experiment (Table 1) sliow tliat the average weight 
of the cortisone injected embryos is less tlian one-lialf that of either the 
saline or sham operated controls; the cortisone group also shows a sig¬ 
nificantly lower average weight than the choleslerol injected embryos, but 
the difference is not as great. As to lengtlr measui’ements, the difference 
between the cortisone and cholesterol groups is not significant, but the 
saline and sham operated groups cacli show an average length significantly 
greater than the other two. 


Taulo 

2. lN.ir.c;TioNR on 

DAYS 0, 2, 4 

and 0; I'.xAMiNim on 

DAY 7 

lOxiK'iimoiil 

I)o‘;c! 

Survival 

rail' 

Avoragi! weight 

Average length 

Cortisoiu' Ac('liil(' 

1 lUK- in 2 ml. 

27/40 

0.0.5 + .04* gm. 

( .0.5- .78)** 

15.5+0.5* mm. 
(15.0-1G.5)** 

Sodium Dosow- 

cliolatc 

1 iiif;. ill 2 nd. 

21/20 

1.41 ± .10 gm. 

(1 .2,5-1 .00) 

22.0+0.7 ram. 
(21.5-23.5) 

Sodium Cldorido 

ISO mg. in 2 ml. 

14/20 

1 ..50 ± .0.5 gm. 

(1.50-1.0.5) 

10.9 ±0.9 mm. 
(IS.0-21.5) 

Slmm OporaU'd 


30/40 

1.27 + .05 gm. 
(1.20-1.35) 

21.1 ±0.5 mm, 
(20.5-22.0) 


* Sniiulard dcvialion. 
** Haii{'(> of variation. 


The weight data in the second experiment (Table 2) also show that the 
average weight of the cortisone injected embryos is less than one-half that 
of either the dcsoxycholate or saline injected controls, and only slightly 
more than one-half that of the sham operated group. While the data on 
length measurements are not as striking, the}’ also show that, on the aver¬ 
age, cortisone injected embryos are significantly shorter than embryos in 
any of the three control groups. 

tYhereas, in the first two experiments the growth retardation in the 
cortisone injected embryos is more strikingly manifested in changes in 
l)ody weight than in body length, in the third experiment the opposite 
appears to be the case. While, on the average, the weight is lower in the 
coi’tisone injected eml)ryos than in the three control groups, the difference 
between the embryos receiving cortisone and those receiving sodium des- 
oxycholate or saline is not significant. On the other hand, the average 
length is significantly less in the cortisone injected embryos than in the 
three control groups. The fact that sodium dcsoxycholate and sodium 
chloride produce some growth retardation, as manifested by both weight 
and length measurements, suggests that the mere introduction of fluid into 
very young chick embryos may have some effect in slowing growth pioc- 
esses. 
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Table 3. Injected on days 0 and 2: Examined on day 4 


Experiment 

Dose 

Survival 

rate 

Average weight 

-Average length 

Cortisone Acetate 

1 mg. in 0.2 mi. 

29/39 

.023 ± .002* gm. 
(.021-,025)** 

.087 + .002* mm. 
(.082-. 090)** 

Sodium Desoxy- 
cholate 

1 mg. in 0.2 ml. 

27/39 

.031 + .006 gra. 
(.020- .040) 

. 100 + .009 mm, 
(.085-1.250) 

Sodium Chloride 

180 mg. in 0.2 ml. 

18/39 

.030 ± .006 gm. 
(.022- .038) 

.108+ .008 mm. 
(.100- .125) 

Sham Operated 


20/39 

.038 + .004 gm. 
(.032- .040) 

. 126 + .005 mm. 
(.115- .135) 


* Standard deviation. 
** Range of variation. 


DISCUSSION 

These results show that when cortisone is administered on the initial 
day of incubation and at 2 or 3 day intervals thereafter, there is a retarda¬ 
tion of growth which can be detected as earlj'' as the fourth daj^ of incuba¬ 
tion, and is also demonstrable on the seventh and tenth incubation days. 
The use of non-hormonal steroids as one of the controls serves to indicate 
that this growth retardation is, in all likelihood, a specific hormonal effect. 
Furthermore, the data show that, contrary to the report of Karnofsky 
et al. (6), this effect by cortisone can be demonstrated before the eighth 
incubation day. This groAvth retardation is more strikingly manifested in 
the alteration of the average length of the embryo in the earliest period 
and in the alteration in the average weight in the later periods. Although 
these experiments do not provide an explanation of this difference, it may 
be related to the fact that during the earliest periods of embryogenesis pro¬ 
cesses of differentiation are predominant, while at later periods processes of 
growth Iieconie more pronounced. The weight differences observed in these 
experiments cannot be accounted for on the basis of retention of tissue 
fluids, since the well-known property of adrenal corticoids of causing a re¬ 
tention of water and electrobffes would tend to increase, rather than to 
decrease, the weight of embryos receiving cortisone. 

As has been pointed out, the suppression of protein synthesis by cortisone 
is believed by Allljright (1) to be an “anti-anabolic” effect, the mechanism 
of which Li (S) would apparently consider to be that of an antagonism to 
hj'pophyseal Growth Hormone. On the other hand, the observation of 
Buno and Goj^ena (2) that cortisone can cause an m vitro inhibition of 
growth of chick embiyo femur ma}’- be taken to indicate that the latter 
hormone is also capable of inhibiting growth which ma}' not be somato¬ 
tropin dependent. The present observations appear further to support such 
a conclusion, since it is unlikelj- that hypophyseal Growth Hormone is 
active as early as the fourth day of embryogenesis of the chick. Rahn (9) 
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has reported that Rathke’s pouch becomes metamorphosed into a circum¬ 
scribed mass of solid cell strands within a mesenchymatous sheath by 
about the fifth day. The entire iDUCcal portion of the hypophysis shows an 
affinity for basic dyes on the eighth day, but the basophilic and acido¬ 
philic cells do not differentiate as such until the tenth day. It would thus 
appear unlikely that somatotropin secretion occurs before the tenth day 
and thus all tliree of our experiments may be interpreted as demonstrating 
a growth retardation not dependent upon somatotropin suppression, 
possibly even a direct inhibition of protein synthesis and growth by corti¬ 
sone. 

Nevertheless, some caution as regards the latter conclusion is in order. 
Rahn and Drager (10) have pointed out tliat the time at which hormones 
are produced by the hypophysis does not necessarily correspond to the time 
at which staining differences appear; the melanopliore-dispersing hormone 
of the hypophysis is first detected on the fifth day, although definite cellular 
types do not appear in tlie gland until the tenth day. However the observa¬ 
tion of Fugo (5) that hypopliysectomy of the chick embryo has no ap- 
precialDle effect on its growl.h and development until after the tenth day 
of inculcation makes it unlikely that endogenous somatoropin is secreted 
in significant amounts prior to that time. Nevertheless, it is, as yet, not 
possible to exclude the presence in the yolk of some growth stimulant of 
matei’nal origin to udiicli coi'tisone may be antagonistic. Thus, while the 
present data indicate that the growth retarding effect of cortisone during 
the first 10 days of embryogenesis is, in all likelihood, not a manifestation 
of endogenous somatotropin inhibition, further investigation is necessary 
to determine whether or not this is a direct effect of cortisone. 
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STUDIES OF THE SUPPRESSION OF AMINONITRILE 
LESIONS IN RATS BY THYROXINE ANALOGUES' 

IGNACIO V. PONSETI 

Department of Orthopedic Surgery, State University of Iowa, Iowa City, Iowa 

ABSTRACT 

In contrast with the striking suppressing effects of triiodothyronine and 
thyroxine on the lesions produced by aminoacetonitrile in rats, the lesions 
produced bj" ^-aminopropionitrile were onlj^ slightly suppressed by these hor¬ 
mones. 

The activity of eight thyroxine analogues in the suppression of the amino¬ 
acetonitrile lesions in rats was found to be far below that of triiodothyronine. 

Corticosterone and cortisone suppressed onlj' slightly the lesions produced 
by aminoacetonitrile in rats, 

AMINONITRILES administered to vertebrates during a certain period 

of their growth cause extensive derangement of the mesodermal tis¬ 
sues, including skeletal deformities (1, 2, 3). Of the many aminonitriles 
tested we have found only three which produce the mesodermal lesions: 
aminoacetonitrile (AAN) (4), methyleneaminoacetonitrile (MAAN) (5), 
and j3-aminopropionitrile (BAPN) (4). The last compound is found in the 
form of |3-(7-L-glutamylamino) propionitrile in the seeds of certain legumes 
of the Lathyrus family (6). The lesions produced by these three amino¬ 
nitriles appear histologically to be similar, although in the rat AAN and 
MAAN are about four times more active than BAPN (5). However, certain 
differences have been observed in the action of these compounds. For ex¬ 
ample, frog larvae are responsive to very low concentrations of BAPN but 
are not affected by AAN (3). Dissecting aneurj^sm of the aorta is frequently 
observed in weanling rats fed BAPN but rarelj’^ in rats fed AAN or AIAAN. 
The epiphyseal plates of rats treated with AAN or MAAN are wider but 
have fewer rents than the plates of rats fed BAPN. Kyphoscoliosis devel¬ 
ops very frequently in rats treated Avith BAPN and rarely in rats treated 
with AAN. Dasler has found that semicarbazide and mercaptoethylamine 
produce lesions in rats similar to the BAPN lesions (7, 8). 

LateU '"■e have described suppression of the lesions produced by AAN 
with low doses of L-3:5:3-triiodothyronine (TRI) (9); the first series of 
experiments reported here has shown tliat TRI has little suppressing effect 
upon the lesions produced by BAPN. 

Triiodothyropropionic acid and tetraiodothyropropionic acid have been 
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found to be much more active than TRI in accelerating the metamorphosis 
of tadpoles of Rana esculenta (10). In tlie second series of experiments here 
reported, none of a num])er of analogues of TRI and thyroxine tested was 
found to be as active as TRI in the suppression of the AAN lesions. 

Selye and Bois (11) have described the suppressing effect of cortisol ace¬ 
tate upon the lesions produced by AAN in rats. Our results with the admin¬ 
istration of corticosterone and cortisone acetate^ in rats treated with ami- 
noacetonitrile are here reported. 

I. Effect of Thyroxine and Triiodothyronine on the Lesions Produced by /3- 
aminopropionitrile in Rats 

In the first experiment (Talale 1) weanling male Sprague-Dawdey rats 
weighing 42 to 50 gm. Avere fed ad libitum ground Purina choAv containing 


Table I. Effect of l-tiiyboxine (Tx), L-TiuioDOTiiYnoNiXE (TRI) axd analogues 
IN I’HEVENTION OF .SKELETAL LE.SIONS IN BATS GIVEN I’UIIINA CHOIV CONTAINING 
0.18% OF (l-AMINOPlIOPIONITniLE' (BATN) 


Trcatmcnt- 

(^g./dny/rat) 

Average 

Severitv 

of 

lesions 

Starling 

weight 

(Km.) 

Pinal 

weight 

(gm.) 

Purina onlv’ 

‘19 

157 

0 

Purina-f-BAPN” 

19 

12G 

3 + 

Tx 

50 

48 

129 

3 + 

125 

48 

118 

2 + 

TRI 

2^ 

49 

127 

3 + 

95 

49 

97 

2 + 

3:5:3': 5'-Telraiodothvroproiiionic acid 

2 

48 

124 

3 + 

9 

48 

122 

3-t- 

3:5:3'-Triiodothvropropionic acid 

2 

48 

123 

3 + 

9 

44 

120 

3-1- 


5 rat.s were used (o te.st c.ncli dose. Duration of experiment, IS days. 

' Given as salt of fuincrate. , • • j 

- Tx, TRI and analogues were administered in slightly .alk.aline solutions and injected 
subcutaneously. 

^ 0.2 ml. normal saline injected daily. 

^ One rat died on the 17th day of tlie experiment of dissecting aneurysm of the aorta. 

^ Two rats died on the 17th day of experiment: one had a dissecting aneurj’sm of the 
aorta; no cause of death was found for the other. 

0.18% /3-aminopropionitrile fumarate.’’’ The fumarate salt of the BAPN is 
a solid and easier to use in feeding experiments than the liquid BAPN. The 
animals tvere housed in cages in groups of five. Various doses of th 3 T 0 xine 
(Tx), TRI, 3;5;3';5'-tetraiodoth3Topropionic acid, and 3:5:3'-triiodo- 
thju'opropionic acid tvere injected subcutaneously^ daily’’ in slightly alka¬ 
line solutions. Two groups of rats served as controls: one group was fed 

2 Cortone, Merck & Co. 

3 Courtesy of Abbott’s Laboratories, Chicago, Illinois. 
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Purina cho^y alone; another group received the BAPN diet alone. The rats 
in the control groups received 0.2 ml. normal saline injected dail)'. The 
animals were weighed every four daj’-s. Duration of the experiment was IS 
days. 

One rat of the group receiving BAPN diet plus TEI (2 fig. dailj') died of 
dissecting aneuiysm of the aorta on the seventeenth da}' of the experiment. 
On the same day two rats died of the group receiving BAPN diet plus TRI 
(9 fig. daily). At the post mortem examination one rat had a massive hemo¬ 
thorax due to a dissecting aneurysm of the aorta; no cause of death was 
found for the other animal. 

In the second experiment (Table 2) the rats were fed for IS days Purina 


Table 2. Effect of l-thvhoxine (Tx) axd l-triiodothyroxine (TRI) ix prevextiox 

OF SKELETAL LESIOXS IN HATS GIVEN PuRINA CHOW CONTAINING LaTHYRUS ODORATUS 
MEAL (35% FOR FIRST 18 DAYS AND 10% FOR FOLLOWING 12 DAYS) 


Treatment 
(/ig./day/rat) 

Average 

Severity 

of 

lesions 

Starting 
weight (gm.) 

Final 

weight (gm.) 

(A) Purina onlj"‘ 

55 

227 

0 

Tx 50 

54 

230 

0 

Tx 100 

54 

245 

0 

TRI 2 

54 

233 

0 

TRI 0 

54 

239 

0 

TRI 9 

54 

192 

0 

(B) Purina+L. odaralus^'- 

55 

136 

44- 

Tx 50 

54 

181 

3-1- 

Tx 100= 

54 

147 

24- 

TRI 2* 

54 

178 

3 -4“ 

TRI 6= 

54 

162 

34- 

TRI 9= 

54 

141 

24- 


5 rats were used to test each dose in the experimental and in the control groups. Duration 
of experiment, 30 days. 

‘ 0.2 ml. normal saline injected dailj’. 

- One rat died on the 14th daj’ of the experiment of dissecting aneurj’sm of the aorta. 

’ Two rats died on the 13th daj’ of the experiment, cause undetermined. One rat died on 
the 21st daj’ of the experiment of dissecting aneurj’sm of the aorta. 

^ One rat died on the 22nd daj’ of the experiment of dissecting aneurj’sm of the aorta. 

’ Two rats died on the 14th daj’ of the experiment, cause undetermined. 

' Two rats died of dissecting aneurj’sm of the aorta, one on the 20th and the other on 
the 24th daj’ of the experiment. 


chow containing 35% finel}^ ground Lathyrus odorahis meal. Mild skeletal 
lesions were observed in the roentgenograms taken on the ISth da}" of the 
e.xperiment. A diet containing 50% Lathyrus odoratus meal was then ad¬ 
ministered for the following 12 days. Various doses of Tx and TRI tvere in¬ 
jected daily in slightly alkaline solutions. Five groups of rats fed Purina 
chow alone receiving similar doses of Tx and TRI served as controls. The 
rats of two other control groups were injected dail}" with 0.2 ml. normal 
saline. One of these groups was fed Purina chow alone and the other the 
Lathyrus odoratus diet. Duration of the e.xperimentwas 30 days. One rat 
receiving the Lathyrus odoratus diet and normal saline died of dissecting 
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aneurysm of the aorta on the l^th day of the experiment. Four rats of the 
experimental groups receiving Tx or TRI died of dissecting aneurysm of 
the aorta between the 20tli and 24th days of the experiment. Four rats of 
the same groups died between the 13tli and 14th days of the experiment- 
the post mortem examination did not reveal any abnormality to explain 
the cause of death in tliese rats. 

At termination of cacli experiment the animals were sacrified with ether and roent¬ 
genograms were made. At the post mortem examination tlic knees, including lower half 
of femur and upper half of tilria, were excised and after fixation in 10 per cent neutralized 
formalin were decalcified in 6 per cent aqueous .solution of sulfosalicylic acid. Sagittal 
sections were stained with hematoxylin and cosin. The roentgenograms were evaluated 
for a) width of the epiphyseal plates adjoining the knee, b) amount of periosteal new 
bone formation, c) severity of the kyphoscoliosis, d) width of the ilium, and c) severity 
of the osteoporosis. The approximate estimate of severity of the lesions obtained from 
the roentgenograms was checked against the lesions observed in histological sections. 
Rats of the same experimental group showed ordy slight variations in the severity of 
the skeletal lesions. 

Ill contrast with the striking suppressing effects of Tx and TRI on the 
skeletal lesions produced by AAN (9), the lesions produced by BAPN 
were only slightly suppressed by the thyroid hormones. The animals on the 
highest doses of Tx (125 Mg-/day) and TRI (9 pg./day) had the least severe 
lesions. The rats of the control groups receiving TRI (9 gg./day) had ep- 
iph 3 "seal plates narrower than the normal animals with fewer cartilage 
cells, indicating retardation of growth (Fig. 1). However, the epiplyyseal 
plates of the experimental animals on a similar dose of TRI were wider than 
those of normal animals and rents were apparent in the proliferating zone 
of the plate. The abnormalities were even more pronounced in rats on the 
Laihyrus odorahis diet which received 2 jug./da}' of TRI or 100 jug./day of 
Tx (Fig. 2). The kj'phoscoliosis was less severe in the animals receiving 
TRI 9 pg./day^ but was not completely prevented, neither were osteopo¬ 
rosis, lesions of the aorta, and bone deformities. 

II. Relative Potencies of Tx and TRI Aiuilognes in the Siippression of AAN 
Lesions in Rats 

In our quest for a compound which, when administered in non-toxic doses, would 
arrest the lesions produced by the aminonitrilcs, we tested a variety of Tx and TRI 
analogues (Table 3). Groups of six weanling male Sprague-Dawley rats fed Purina chow 
were injected subcutaneously dail}' with 6 mg. AAN for the first S daj's of the experi¬ 
ment and 9 mg. AAN for the following 9da3’S. T.x, TRI, or the analogues rvere injected 
during this period in the doses indicated in Table 3* Two groups of rats served as con¬ 
trols; One group was fed Purina chow alone, another group received the AAN injections 
without thyroid hormones or analogues. Duration of the experiment was It da 3 's. At 
the termination of the experiment the animals were sacrified and roentgenograms were 

< The author is indebted to Dr. Robert L. Kroc of the Warner Chilcott Laboratories 
for kindly providing the analogues used in this experiment. 
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.. Normal control. 

. T.\' (100 pg. per day) injected subcutaneously, 
. TRI (2lpg. per day) injected subcutaneously. 
'. TRI (9 gg. per day) injected subcutaneously. 
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made. At postmortem e.xamination no instance of dissecting aneurysm of the aorta was 
noted in either control or experimental animals. The knees were excised and processed 
for histological studies as in the previous experiments. An approximate estimate of the 
severity of lesions obtained from the roentgenograms was checked against the lesions 
observed in the histological sections. 

As in previouslj’' reported experiments (9), TRI was estimated to be at 
least 50 times more active than Tx in the suppression of the lesions pro- 

Table 3. Effect of injected L-tkiiodothvroxine (TRI), thyroxine (Tx), .and 

ANALOGUES IN PREVENTION OF SKELETAL LESIONS IN RATS TRE.VTED WITH 6 
MG./day op AMINOACETONITRILE (AAX) FOB 8 DAYS AND 9 MG./DAY 
AAN FOR FOLLOWING 9 DAYS ADMINISTERED SUBCUTANEOUSLY 


Treatment) 

(g./day/rat) 

- 

Average 

Starting Final 

weight weight 

(gram) (gram) 

Severity 

of 

lesions 

Purina only' 


61 

162 

0 

Purina+AAN 


68 

87 

4 + 

T.x 10 


68 

113 

4 + 

TxSO 


67 

133 

4 + 

Tx 100 


67 

142 

1 + 

TRI 1 


07 

140 

14" 

TRI 2 


65 

100 

9 

TRI 10 


05 

90 

1 

3:5:3'-Triiodothyroacotic acid 

10 

66 

132 

t + 

100 

06 

113 

1 + 

3:5:3'-Triiodothyropropionic acid 

10 

65 

128 

4 + 

100 

65 

130 

2 + 

3:5:3': 5'-Tetraiodothyroacetic acid 

10 

64 

112 

4 + 

100 

05 

132 

1 + 

3:5:3': 5'-Tetraiodothyropropionie acid 

10 

03 

92 

4 + 

100 

65 

135 

2 + 

L-3:3': 5'-Triiodothyronine 

10 

66 

121 

4 + 

100 

66 

115 

3 + 

3:3': 5'-Triiodothyropropionic acid 

10 

05 

125 

4 + 


100 

00 

130 

3 + 

D,L-3:3'-Diiodothyronino 

10 

68 

120 

4 + 

100 

68 

127 

3 + 

3:3'-Diiodothyropropionic acid 

10 

00 

130 

4 + 


100 

03 

98 

3 + 


0 rats were used to test each dose. Purina chow was fed ad lib. 
' 0.2 ml. normal saline injected daily. 


duced by AAN. The activitj’^ of the analogues tested was far below that of 
TRI. The compounds 3:5:3'-triiodothyroacetic acid, 3:5:3'-triiodothyro- 
propionic acid, 3;5;3';5''-tetraiodothyroacetic acid and 3;5:3'5'-tetra- 
iodothyropropionic acid were found to have an activity similar or slightly 
below that of Tx. The compounds with the iodine atoms in position 
3:3':5' in the thyronine molecule showed practically no activity in our 
experiments. Neither 3:3'-diiodothyronine nor the propionic acid analogue 
showed any significant activity. 

.4n .ittompt was made to use the suppressing effeet of thyroid hormones and analogues 
on the A.4N lesions in weanling rats as a “bioassay” for these compounds. For this 
purpose all the analogues listed in Table 3 were administered also in doses of 2 pg. and 
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Table 4. Approximate relative potencies of thyroxine and triiodothyronine 

ANALOGUES IN THE SUPPRESSION OF AMINOACETONITRILE LESIONS IN RATS 


Thyroxine 100 

L-3:5:3'-Triodothyroniiic 5000 

3:5:3'-Triiodo(li.yro(icetic ncid 100 

3:5:3'-Tiiiodothyroproi)ioiHc acid 90 

3:5;3':5'-Te(raiodothyroace(ic ncid 90 

3; 5:3':5'-Tetraiodothyroproi)ionic acid 75 

L-3:3': 5'-Triiodothyroniiic 0 

3;3':5'-Triiodothyropropionic acid 0 

D,L-3:3'-]^iiodothyroniiic 0 

3;3'-Diiodothyro]iropioiiic acid 0 


50 Mg- per clay to groups of six rats receiving tlie AAN treatment. At the end of the 
experiments an estimate was made of the severity of the skeletal lesions as observed in 
the roentgenograms and in the histological sections. Although the rows of epiphyseal 
cartilage cells were distorted in many animals it was possible to make an approximate 
cell count of several rows and obtain the average number of cells per row. A similar area 
of the upper tibial epiphyseal plate was counted in each animal. The cell count was 
checked against the dose of thyroid hormone or analogues received by the animal. Table 
4 shows the approximate relative potencies of the compounds tested. 

III. E£'cd of Coriicoich on the AAA^ Lesions in Rats 

The work of Selyc and collaborator.^ (11) on lathyrism stimulated us to test corti¬ 
costerone and cortisone. Groups of five weanling male Spraguc-Dawley rats fed Purina 
chow were injected daily subcutaneously with 7.5 mg. AAN for the first 18 days of the 
experiment and 12 mg. .V.AN for the following 6 days. The daily doses of corticosterone 
or cortisone indicated in 'I'able 5 were simultaneously injected. Estrone (20 pg. per day) 
was also tested. Four groups of rats served as controls. One control group received the 
AAN injections and not the corticoids. The other three control groups did not receive 
AAN: normal saline (0.2 ml. ])cr day) was injected to the rats of one group, corticosterone 

Table 5. Effect of inmected corticosterone, cortisone (3) and estrone in 
I’REVENTION OF SKELETAL LESIONS I.N RATS TREATED WITH 7.5 SIG./dAY 
AMINOACETONITRILE (AAN) FOR 18 DAYS AND 12 MG./dAY FOR 
FOLLOWING 0 DAYS AD.MINI.STEREI) SUBCUTANEOUSLY 


Treatment 
Daily doso/rat 


Average 


Starting Final 

weight weight 

(gm.) (gm.) 


Severity 

of 

lesions 


A) Purina only' 


04 

180 

0 

Corticosterone'' 

2 mg. 

07 

195 

0 

Corti-sone' 

2 mg. 

03 

97 

0 

B) Purina 4-AAN' 


03 

156 

4-1- 

Corticosterone 

1 mg. 

04 

178 

3-1- 

Corticosterone 

2 mg. 

07 

162 

2 -f 

Cortisone" 

1 mg. 

68 

129 

3-f 

Cortisone 

2 mg. 

63 

98 

2 -f 

Estrone 

20 pg. 

07 

154 

4-1- 


5 rats were used to test each dose in the experimental and in the control groups. Dura ion 
of experiment, 24 days. 

' 0.2 ml. normal saline injected daily. . , 

= One rat died on the 18th day of the experiment of dissecting aneurysm of the aorta. 

^ Upjohn Company. 

■* Cortone, iMerck It Co. 




May, 1959 


AMINONITRILE LESIONS AND THYROXINE 


803 


(2 rag. per daj') was injected to the rats of another group, and cortisone (2 mg. per day) 
was injected to the rats of the last group. One rat of the group receiving AAN and 1 mg. 
per day of the cortisone died of dissecting aneurj-sm of the aorta on the eighteenth day 
of the experiment. At the termination of tlic experiment the animals were sacrificed and 
roentgenograms were made. The knees were excised and processed for histological studies 
as in the prerdous experiments. 

The experimental animals w'hich had received corticosterone had skele¬ 
tal lesions slightly less severe than the animals on AAN alone. The epiphys¬ 
eal plates of the control rats which had been given corticosterone were 
somewhat narrorver than those of the normal animals. Cortisone markedly 
slowed the growth of the rats but did not suppress completely the AAN 
lesions. The epiphyseal plates of the control animals on cortisone were very 
narrow and the endochondral ossification was greatly deranged (Fig. 3). 
Estrone was observed to have no suppressing effect on the skeletal lesions 
produced by AAN. 

DISCUSSION 

The pathogenesis of the lesions induced in experimental animals b)’’ the 
administration of aminonitriles is not fully understood. The aminonitriles 
affect a definitely limited stage of the process of mesodermal tissue differ¬ 
entiation, and thej'' do not seem to cause any breakdown of completed 
mesodermal structures (12). Recent studies indicate that aminonitriles 
may impair collagen and elastin formation in wound healing (13), in croton 
oil pouches (14), and in the aorta (12, 15). The epiphyseal plate, being a 
remnant of continually maturing embryonal tissue, is particularly vulner¬ 
able to the action of the aminonitriles (2), 

Castellani and Casteilani (16) have observed a significant decrease of 
hexosaraine content in epiphyseal plates of young rabbits treated with 
AAN as compared with the normal; this suggests a decrease in the content 
of mucopolysaccharides. The same authors have found the hydroxypro- 
line (hence total collagen) content of epiphj'seal plates from rabbits treated 
with AAN not reduced from the normal. This observation has been corrob¬ 
orated in rats by Follis and Tousimis (17) who at the same time have de¬ 
tected with the electron microscope a great reduction of collagen fibrils in 
the epiphyseal cartilage homogenates of AAN-treated rats. It is suggested 
that the aminonitriles may cause a failure of the tropocollagen molecule to 
form collagen fibers. Perhaps the defective mucopolysaccharides of the 
epiplij'seal cartilage are responsible for this failure. 

TRI had by far the greatest suppressing effect upon tlie AAN lesions of 
all the hormones tested. Tx in doses 50 times greater had a similar effect. 
However, TRI and Tx caused only a slight suppression of the lesions 
caused by BAPN. This suggests that there may be a difference in the nature 
of the biochemical derangement caused by these two aminonitriles al¬ 
though histologicallj^ the lesions appear similar. Thus a new approach be- 
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AAN as in B plus corticosterone (2 mg. per clay) administered subcutaneously. 
. Cortisone (2 mg. per clay) administered subcutaneouslj". 

. AAN as in B plus cortisone (2 mg. per dajO administered subcutaneously. 
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comes available for study of the action of thjToid hormones upon connec¬ 
tive tissues. The suppression of the AAN lesions by Tx and TRI may be re¬ 
lated to the effects of these hormones in promoting maturation (IS, 19). 
No explanation can be offered at this time why there is only a very slight 
suppressing effect of these hormones on the lesions produced by BARN. 

The activity of Tx and TRI analogues tested in our experiments corre¬ 
sponded closely Avith the acthdty of these compounds in the suppression of 
the thiouracil-induced goiter in rats (10). Roche et al. (10) reported that 
3;5:3'-triiodothjTopropionic acid was 290 times more active than Tx in 
its effect on the metamorphosis of tadpoles. The activity of these tAvo com¬ 
pounds AA'as found to be almost equal in the suppression of the AAN lesions 
in rats. 

Selye and Bois (11) have described the suppression with cortisol acetate 
of the skeletal lesions produced by AAN in rats Avith one kidney removed 
and giA^en a 1% NaCl solution as drinking fluid. In our experiments with 
intact rats neither corticosterone nor cortisone suppressed the AAN lesions 
completely, although these were less seAmre than in control animals re¬ 
ceiving AAN alone. Inhibition of bone groAA’th and structural changes in 
the metaphysis produced by cortisone haA'-e been preAuously described (20, 
21, 22). IVe observed great narroA\dng of the epiphyseal plates and the de¬ 
rangement of the endochondral ossification in the control rats injected 
Avith cortisone. HoAveA^er, the AAN-cortisone treated rats had epiphyseal 
plates AA’ider than the normal animals, A\'ith disarranged cartilage cell col¬ 
umns. Corticosterone was found to be less effectiAT than cortisone in the 
control of the epiphyseal plate lesions. Testosterone failed in previous ex¬ 
periments (2) to arrest the lesions produced in rats AA'ith Lathyrus odoratus 
meal. Estrone was found likeAvise to be ineffective in checking the lesions 
produced by AAN in the experiments here reported. 
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THE EFFECT OF ADRENAL AND PITUITARY HORjMONES 
ON THE URINARY EXCRETION OF IODIDE IN MICE' 

H. ISLER 


Department of Anatomy, McGill University, Montreal, Canada 


ABSTRACT 

The urinar}' excretion of radioiodide was measured in mice injected with 
a varietj’- of adrenal and pituitarj' hormones. 

While radioiodine excretion was diminished in adrenalectomized mice and 
restored to a nearly normal rate by cortisone, this hormone, as well as aldo¬ 
sterone, deoxycorticosterone, adrenaline and noradrenaline, had little effect 
in intact mice, ACTH was slightly ioduretic and TSH had no effect. 

A considerable increase in radioiodide excretion was observed after acute 
injection of the posterior pituitarj^ hormones, vasopressin and ox 3 'tocin. The 
effect of vasopressin did not depend on the amount of impurity present in the 
preparations tested, and varied linearl 5 ' with the logarithm of the dose. This 
hormone increased the renal clearance of radioiodide from blood. These ob¬ 
servations suggest that the posterior pituitar}'^ plays a role in the control of 
iodide excretion. 

When vasopressin was administered for prolonged periods of time, the re¬ 
sulting iodide losses, unlike those produced by sodium chloride administration, 
did not induce a stimulation of the thj'roid gland. In fact, vasopressin depressed 
the thyroid gland since the thjToid weight was reduced to about 40% of that 
in controls. Presumablj', this effect prevented the iodine losses from resulting in 
thj^roid stimulation. 

T he urinary excretion of iodide in mice is increased 10 to 20 times by a 
single dose of sodium chloride (1). When this salt is administered over 
a long period of time, the iodide losses induce a relative iodine deficiency 
which may result in thyroid stimulation and even goiter (1,2). 

This work was followed up by investigating the influence of various 
factors onioduria. When a number of salts other than sodium chloride were 
tested, the results obtained led to the conclusion that ioduresis is induced 
by an increase in the ionic concentration of blood, no matter which ions 
produce this increase (3). The effect of hormonal factors on ioduria was 
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examined in the experiments now to be reported. The posterior pituitarj^ 
hormone vasopressin was found to increase tlie renal excretion of iodide 
considerably. It was therefore investigated whether or not prolonged treat¬ 
ment with this hormone can result in thyroid stimulation and goiter, as in 
the case of treatment with sodium chloride. 

MATERIAL AND METHOD 

Tlio Jiormonos were tested in 2 to 9-inontl) old CJI and albino mice. Males were used 
in all experiments except one (ascorbic acid, Tabic 1). Since sodium chloride was known 
to increase the urinary excretion of iodine (1), the mice were fed for 3 weeks prior to the 
hormone administration on a diet containing only traces of sodium chloride (2). This 
diet, which contained less than 3 fjg. iodine per 100 gm., consisted of 89% corn meal, 
10% dried brewer’s yeast and 1% c.'ilcium carbonate. However, two of the experiments 
(reported in Fig. 1 and Table 3) were carried out in mice fed Purina fox chow. 

In all acute experiments, each mouse received simultaneously 2 subcutaneous in¬ 
jections of 0.2 ml. aqueous solutions containing respectively the hormone and 10 gc. 
carrier free The animal was then placed in a 2.50 ml. beaker fitted with a wire mesh 
floor allowing the urine to settle at the bottom and was given access to distilled water 
but received no food. Two and a half hours later, the mouse was anaesthetized with 
ether in the beaker, and the thyroid gland was removed. The I'-'" content of urine (in¬ 
cluding that in the bladder) .and of the thyroid was then measured as described previ¬ 
ously (1). 

The effect of sodium chloride on the renal clearance of rndioiodine from the blood was 
investigated by measuring the radioiodine content of urine and blood 1 and 3 hours 
after I*’' administration as described earlier (1). 

The following liormones were used: vaaopressin: Pitressin from Parke, Davis (55 
U.vS.P. units per mg.); in one experiment (Tabic 3) two preparations (200 and 400 
U.S.P. units per mg.) obtained from Dr, B. G. Bcnfcy, Department of Pharmacolog}', 
McGill University, were also tested. Vasoprcssibi tannalc in peanut oil: Parke, Davis. 
Oxytocin: Dr. B. G. Benfey. Thyrolrophic hormone (TSH): Nordic Biochemicals, j\Iont- 
real. Adrcnocorlicotrophic hormone (.-VCTH): Armour. AUloslcrone: Dr. I. Dyrenfurth, 
Department of Investigative IMcdieine, McGill University. Deoxycorlicoslerone acetate: 
Nutritional Biochemicals Corp. h-adrowUnc: Ea.stman. n,'ij-noradrenaline: Dr. A. S. V. 
Burgen, Department of Physiology, McGill University. Cortisone acetate: Merck. 

RESULTS 

Adrenal hot'tnoncs (Table 1) 

Urinary excretion and tli 3 ’roid uptake of radioiodine were not signifi- 
cantlj'^ influenced bj' cortisone, but were .significantly decreased adre- 
nalectoni}' (pei’formed iminediatel.y before treatment) while the adminstra- 
tion of cortisone to adrenalectoniized animals restored a normal condition. 

The other adrenal liormones were tested in intact animals. They did not 
influence urinar}’’ excretion, except for adrenaline wliicli decreased it. 

The thyroid uptake of radioiodine was decreased by adrenaline and 
noradrenaline* and slightlj" increased by aldosterone. No effect of ascorbic 
acid was observed. 

2 The effect of adrenaline and noradrenaline was reported in detail elsewhere (4). 
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Pitidiary hormones 

Adrenocorticotrophic hormone and two posterior pituitaiy hormones, 
vasopressin and oxytocin, significantly increased the urinary excretion of 
radioiodine, while thyrotrophic hormone had no effect (Table 2). None of 
these hormones modified the thyroid uptake of radioiodine in the experi¬ 
ment reported in Table 2, but in other experiments vasopressin signifi¬ 
cantly decreased it (4). 


Table 1. The acute effect of adrenal hormones on the uniNARV excretion 
and thyroid uptake of radioiodine 


Treatment 

No. of 
mice* 

% of injected 

radioiodine in 

Urine 

Mean ±S.E. 

Thyroid 

Mean±S.E. 

Sham adrenalectomy, Controls 

6 

10.1±2.8 

11.9±1.9 

Sham adrenalectomj', 2 mg. cortisone acetate 

6 

7.8 + 1.8 

11.6±1.5 

Adrenalectom5’t 

6 

S.2±1.0 

7.0 + 1.1 

Adrenalectomyt, 2 mg. cortisone acetate 

6 

7.0+2.4 

13.3±2.5 

Controls 

8 

2.4+0.6 

11.7±2.0 

1 mg. dco.xycorticosterone acetatet 

7 

1.1+0.4 

15.2±2.4 

Controls 

8 

5.1 ±0.7 

19.7±2.1 

1 Mg- aldosterone 

8 

3.3+0.6 

87.6+2.3 

Controls 

8 

4.0+0.5 

20.5±1.2 

1 Mg- adrenaline 

8 

2.6±0.5 

16.3+1.2 

50 Mg- adrenaline 

8 

l.Jt+0.2 

5.7 ±0.7 

0.9 noradrenaline 

8 

4.7±1.0 

16.S±1.S 

46 Mg- noradrenaline 

8 

4.6+0.8 

1!.6±1.I 

Controls 

8 

3.1 ±0.6 

10.4±3.6 

1 mg. ascorbic acid 

8 

2.6±0.4 

10.6±5.8 


* CjH mice aged 4, 9, 9, 5 and 9 months respectively from the first to the fifth experi 
ment. 

t Adrenals removed immediately prior to treatment. 

i Dissolved in polyethylonegl.vcol. Controls received polyethylcneglj'col. 

The italicized figures are significantly different from those of the respective controls. 

The effect of vasopressin was further investigated by injecting 1 U.S.P. 
unit of 3 different preparations of the hormone. In spite of differences in 
the purity of the three preparations, they increased the urinary excretion 
of radioiodine to the same extent (Table 3). Thus it was concluded that the 
active principle was not an impurity but pitressin itself. 

When graded doses of vasopressin were injected to Purina fed mice, the 
amount of radioiodine excreted in the urine varied linearly with the loga¬ 
rithm of the dose (Fig. 1), the increment being 9% of the amount of radio¬ 
iodine injected for a 10-fold increase in vasopressin dose. 

Tlie effect of vasopressin on the renal clearance of radioiodine from the 
blood was investigated by measuring the urine content and the blood level 
of this isotope at 1 and 3 hours following administration of the hormone. 
During the two-hour period compi-ised between the first and third hour. 
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Table 2. The acute effect of pituitaiiy hormones on the urinary excretion 
anh thyroid uptake of radioiodine 


Treatment 

1 

Number 

of 

mice* 

% of injected radioiodine in 

Urine 

Mean ±S.E. 

Thyroid 

Mean+S.E. 

Controls 

1 U.S.P. unit TSII 

1 mg. ACTH 

1 U.S.P. unit vasoprc.ssin 

1 U.S.P. unit oxytocin 

8 

8 

7 

7 

8 

.5.1 ±0.7 
7.3±0.9 

11.7 ±2.7 
20.2±3.1 
16.fl±2.1 

19.7+2.1 

15.1 +2.7 
22,9+4.1 

16.4 + 1.5 

23.0 + 1.4 


* CjH 9-monMi-ol(l mice. 

The italicized figures (urine I'^') are significantly different from that of controls. 


the mean volume of liloocl cleared per minute by the kidney was 7 micro¬ 
liters in controls and 27 microliters in vasopressin treated animals (Table 
4). Thus, the hormone produced a 3.7-fold increase in the renal clearance of 
radioiodine. 

Prolortged admimsfration of vasopressm 

Since vasopressin considerably raised the excretion of iodide and since it 
had been shown previous!}' (2) that large and prolonged losses of iodide 
caused by sodium chloride ingestion may lead to thyroid stimulation and 
goiter production, there was a possibility tliat prolonged administration of 
vasopressin would also induce goitrous tliyroids. This possibility was in¬ 
vestigated in mice fed the diet described above, and injected subciita- 
neousl}^ witli 0.5 unit vasopre.s.sin in 0.05 ml. Avater tiA'ice dail}' for 50 days. 
Conti'ols were injecled 0.05 ml. Avater at the same rate. After 50 days all 
animals AA'ere given a .subcutaneous injection of 10 ;uc. radioiodine and 
sacrificed 2.5 hours thereafter. The left thyroid lobe aats dissected free of 
connective tissue, A\-eighed on an analytical balance and homogenized in 
sodium hydroxide solution for radioactivit}' counting. The average AA'eiglit 
per thyroid lobe AA-as 1.7 ±0.8 in controls and 1.1 ±0.2 in Amsopressin 
treated mice. The respcctiA'c thyroid uptakes of radioiodine in the tAvo 
groups Avere 33.3 ±1.8 and 23.5 ±5.3. Thus, vasopressin did not stimulate 
the thyroid gland. 


Table 3. The acute effect of 1 U.S.P. unit of various a'asopressin preparation.s 
ON THE urinary EXCRETION OF RADIOIODINE 


Vasoprc.ssin jireparation 

Number 

of 

mice* 

% of injected 

Urine 

Moan±S,E. 

radioiodine in 

Thyroid 
Mean +S.E. 

Control.^ 

8 

17.1+5.7 

1.4±0.4 

Parke Davis (55 U.S.P. units/mg.) 

8 

41.0±4.1 

2.4±0.5 

Benfey (200 U.S.P. units/mg.) 

8 

43 .4 ±4 

1.5 ±0.4 

Benfe}’ (400 U.S.P. unifs/mg.) 

8 

42 .3 ±4.3 

1 .2 ± 0.0 


* CjH, 5-month-oId, Purina fed mice. j. r ^ ^ 

The italicized values (urine I'^*) arc significantlj' different from that of controls, 
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1 % OF INJECTED RADIOIODINE EXCRETED IN URINE 



Fig. 1. The acute effect of graded doses of vasopressin on the urinary e.vcretion of 
radioiodine. The dots indicate the average P’* excretion obtained in 7 to 8 albino, 3- 
month-old, Purina fed mice and the vertical lines the standard errors of the mean. The 
line L is the best fit line according to the criterion of least squares obtained with the 
graphic method of Askovitz (14). 

The lack of thjToid stimulation after chronic vasopressin administration 
might be due to the fact that vasopressin eventuall}’- became ineffective in 
augmenting the urinarj^ loss of iodide. However, after one month treat- 


Tablb 4. Acute effect of vasofressis ox blood radioiodide 

CLEARANCE BV THE KIDNEY 



Sacrifice 

Number 

% of injected I‘’‘ in 

Blood 

renal 

clearance 

Treatment 

time 

of 

Urine 

1 ml. blood 


(hours) 

mice* 

Mean±S.E. 

Mean ±S.E. 

(ml./minute) 


1 

7 

7.9+2.1 

3.8+0.4 


Controls 

3 

7 

n.2±2.S 

3.710.5 

0.007 

1 U.S.P. unit va'iopressiu 

1 

8 

27.912.3 

2.810.3 

2.310.5 

0.027 

3 

8 

35.9+4.3 



Albino, 2-3-month-old. 




812 


ISLER 


Volume 64 


Table 5. The acute effect of vasopressin on the urinary excretion of 

RADIOIOUINE IN MICE PREVIOUSLY ADMINISTERED 1 U.S.P, UNIT 
VASOPRESSIN DAILY FOR 1 iMONTH* 


Acute treatment 

Number of micef 

% of injected radioiodine 

in urine 

Mean +S.E. 

Controls 

4 

10.7+O.fi 

1 U.S.P. unit vasojiresRin 

4 

47.0+4.1 


* Chronic vasojirossin treatment va'! discontiniicfl (Iiirinj tlie two cla 3 ^s preceding acute 
vasopressin injection. “ 

t Albino, 2-3-montli-olci. 

Vasopre.ssin significantl.v increased tlie urinaiw e.xcretion of radioiodine. 


ment, an acute administration of vasopressin to radioiodine injected mice 
still elicited the usual ioduresis (Table 5). This hypothesis was therefore re¬ 
jected. 

Another possible explanation for the lack of thyroid stimulation might be 
the rapid disappearance of vasopre.ssin from the bod}' after injection. A 
chronic experiment was then carried out as above except for the use of a 
hormone preparation effective over relativel.y long periods of time, namely, 
vasopressin tannate in oil. The effective period of time was determined in a 
preliminary experiment by injecting 1 U.S.P. unit vasopressin tannate in 
0.2 ml. oil and then allowing various periods of time before injecting radio- 
iodine and sacrificing 2.5 hours later. When allowing 4 hours between vaso¬ 
pressin tannate and radioiodine injection, a significant increase in urinary 
radioiodine was observed. That is the hormone was still effective between 
4 and 6.5 hours following injection (Fig. 2). After S hours a slight and after 
24 hours a very slight effect was observed but these were not significant 
statistically. After 48 hours definitely no effect was noticeable (Fig. 2). 
Accordingl.y, it was decided to administer the preparation once a day. One 
U.S.P. unit vasopressin tannate in 0.2 ml. oil was injected subcutaneously 
dail}' for .30 days to 12 mice. Twehm control mice received a daiU dose of 
0.2 ml. peanut oil. 


Table C. The effect of 30 dav.s daily ad.ministration or vasofressin 

TANNATE IN OIL ON THE THYROID GLAND 



Number 

of mice* 

Bod.v Weight (gm.) 

Left 

th.vroid lobe 
weight 
(mg.) 

Mean +S.E. 

% of in¬ 
jected radio- 
iodine in 
tlnToidf 
Mean ±S.B. 

Treatment 

Initial 

1 

Final 

1 

Initial j 
Mean +S.E. 

Final 

Mean +S.E. 

Control.^ (0.2 ml. 
oil dail.v) 

12 

11 

24.6+1.0 

2S.0 + 1.1 

0.98+0.11 

12.2±1.8 

1 U.S.P. unit va.«o- 
jires.'^in tanato in 
0.2 ml. oil dail.v 

12 

1 

5 

25.6+0.5 

21.3±1.1 

0.38 ±0.06 

I 

9.3±0.7 

1 


* Albino, 2 months old at the start, 
t Left lobe onlj'. 
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Fig. 2. Duration of effect of 1 U.S.P. unit vasopressin tannate in oil on the urinar}' 
e.xcretion of radioiodine. The height of the bars indicates the average I'” excretion ob¬ 
served in 7 to S albino, 4-month-old mice. The vertical lines are the standard errors. 
Vasopressin tannate was injected at time 0. (The left side of the bars indicates the 
time of injection and the right side the time of sacrifice, that is, 2.5 hours later.) 

While the control mice gained weight and only 1 out of 12 died, the vaso- 
pressin-tannate-treated mice lost weight and 7 out of 12 died over the 30- 
daj" period. The th 3 a'oid weight was significant!}' lower in vasopressin- 
tannate-treated mice than in controls. Thj'roid uptake of radioiodine was 
slightly decreased (Table 6). Incidental!}', during the course of the experi¬ 
ment, it M'as noted that the hairs of the vasopressin treated mice were 
covered with oil, while those of controls were dr}'. At autopsy large amounts 
of oil were found subcutaneously in controls, but not in vasopressin treated 
animals. Perhaps the hormone modified the skin permeability to oil or pre¬ 
vented closure of the holes made by the injection needle. 

DISCUSSION 

Although adrenal hormones are known to influence the excretion of so¬ 
dium and other electrolytes (5-8), they had little effect on the excretion of 
the iodide ion in the intact mouse. The observation that iodide excretion is 
decreased by adrenalectomy and is restored by cortisone to nearly the same 
level as in intact mice is in agreement with a similar observation made by 
Paris ct al. (9) in the rat and with the fact that cortisone enhances radio¬ 
iodine excretion in hypophysectomized rats (10). Thus it appears that the 
presence of intact adrenals is required for an adequate excretion of the 



814 ISLER 

iodide ion. However, exogenous adrenal hormones liave little effect in ani¬ 
mals with adrenals functioning adequately: cortisone, deoxycorticosterone 
acetate and aldosterone did not modif.y iodide excretion. (The moderate 
decrease in exci-etion pi-oduced by adrenaline is likely to be the result of 
vasoconstriction.) 

In contrast, posterior pituitary hormones considerabl}’^ enhanced the 
excretion of iodide in intact animals. The mechanism by which vasopressin 
produces this effect cannot be explained merely on the basis of alterations 
in the concentration of plasma radioiodide re,suiting from changes in the 
extrarenal metabolism of iodide (e.g. in inter-/intracellular distribution 
(11)) but involves a change in functional activity of the kidney, since the 
clearance of radioiodide was increased. The fact that posterior pituitary 
hormone also increases the excretion of chloride (12) as well as sodium and 
potassium (13) suggests that these hormones may influence the urinary 
excretion of electrol.ytes in general. 

The role of the anterior pituitary on iodide excretion is not clear. While 
ACTH increased iodide excretion (Table 2) and growth hormone was found 
by others to have the same effect, in hypophysectomized rats (9), it was not 
demonstrated that the preparations used were pure, and their effect might 
be due to contamination l\y posterior pituitary hormones. 

Chronic effect, of vasopressin 

It was possible that, as in the case of mice given sodium chloride in the 
diet (1, 2), the mice treated for prolonged periods of time with vasopressin 
might suffer .such iodide losses that a relative iodine deficiency would occur 
which might result in thyroid stimulation. Such a stimulation did not oc¬ 
cur. On the contrary, the decrea.se in the weight and radioiodine uptake of 
the th.yroid gland ol:)served after prolonged treatment with vasopressin 
indicates that the th 3 'roid activity' was depressed. The high mortality 
(58%) and the loss of weight, in the animals administered the hormone indi¬ 
cate that this treatment resulted in general damage or stress, which may 
account for the th.yroid depression. Presumabl.v, this effect prevented the 
gland from being stimulated b}^ the iodine losses. 

In conclusion, the urinaiy excretion of the iodide ion was significantly 
increased b.v the posterior pituitaiy hormones vasopressin and oxytocin, 
while it was but little influenced bj"^ adrenal hormones. 
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HEPATIC REGULATION OF ADRENAL 
CORTICAL FUNCTION'-^ 
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Department of Physiology, Harvard Medical School, Boston, Massachusetts 

ABSTRACT 

Under many different experimental and physiological conditions, a close 
correlation has been found between the size of the adrenal glands and the ca¬ 
pacity of the liver to inactivate adrenal cortical hormones bj’ ring A reduction 
in vitro. AVe have concluded from this close correlation that there is a similar 
parallel relationship between the in vivo capacity of the liver to inactivate corti¬ 
costeroids, and the adrenal cortical secretion rate. This conclusion is based on 
several assumptions which arc discussed. The present experiments demon¬ 
strate that this relationship denotes secondary responses of the adrenal cortex 
to primary, independent variations in hepatic inactivation of corticosteroids. 
Neither ACTH nor adrenal cortical hormones increases the capacitj’ of the liver 
to inactivate corticosteroids. In contrast, however, a primary diminution of 
hepatic capacit}" for adrenal steroid inactivation bj- surgical removal of 65% 
of the liver tissue can cause secondary adrenal atrophy. Therefore, the parallel 
relationship between hepatic capacity for inactivation of adrenal cortical hor¬ 
mones by ring A reduction, and the size of the adrenal glands represents a con¬ 
trolling influence of the liver on adrenal cortical function, rather than the 
reverse. 

This hepatic regulation of adrenal cortical function is apparently mediated 
through the anterior pituitary (ACTH) negative-feedback control which 
stabilizes plasma corticosteroid concentration. Our data indicate that the con¬ 
trol very effectively matches the mean input of adrenal cortical hormones to 
any given output over wide ranges of steroid inactivation rates. Bj" means of 
these data, the automatic control properties of the hepatic-anterior pituitary- 
adrenal cortical sj’stem are analyzed to show that the amount of TPNH-bound 
A'’-steroid hj'drogenases in the liver maj' affect: a) the time constant of the s}'s- 
tem (the time required to diminish by 63% a deviation from the mean plasma 
corticosteroid concentration); b) the extent of hunting of plasma corticosteroid 
concentration about a mean value; c) the half-life of the steroid molecules in the 
system; d) the velocity of their inactivation at any given plasma corticosteroid 
concentration; and, c) the mean concentration of adrenal cortical hormones in 
the blood. 

I T HAS been proposed that the concentration of the adrenal cortical hor¬ 
mones in blood is stabilized bj’’ a negative-feedback control of adrenal 
cortical secretion rate, so that changes in the rate of secretion are brought 
about b}' opposite changes in the corticosteroid concentration in blood (2, 
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3). The concentration of these steroids in blood depends upon both the rate 
of secretion of the hormones into blood, and the rate of removal of them 
from blood. Since urinaiy and biliaiy losses of active corticosteroids are 
negligible (4, 5), the removal of adrenal steroids is accomplished almost en- 
tirel}^ bj^ the enz 3 'matic processes which inactivate the molecules. The main 
site of corticosteroid inactivation is the liver (6, 7). Therefore, if it is true 
that the rate of adrenal cortical secretion is regulated bj' the proposed nega¬ 
tive-feedback control, changes in the rate of hepatic metabolism of these 
hormones should cause parallel changes in the rate of adrenal cortical secre¬ 
tion. The demonstration of this predicted relationship would establish the 
liver as a principal determinant of adrenocorticotrophic hormone (ACTH) 
release and adrenal cortical secretion rate in normal animals, and provide 
new support for the negative-feedback control h 3 fpothesis. 

Studies of patients with liver or th 3 U'oid disease (4, 7, 8) have suggested 
that the liver exerts some influence on adrenal cortical function. Under a 
wide variet 3 '' of ph 3 "siological and experimental conditions, we have found 
a remarkabl 3 " close parallel relationship between the capacit 3 " of the liver 
to inacth'^ate adrenal cortical hormones in vitro b 3 ’^ ring A reduction, and 
the size of the adrenal glands (9,10). Female rats have larger adSjenals than 
males, and their livers have a greater in vitro capacit 3 '^ to inactivate corti¬ 
costeroids (10). In hamsters these hepatic and adrenal sex differences 
are both reversed; male hamsters have larger adrenals and greater capac- 
it 3 ’' to inactivate corticosteroids than have females (10). H 3 ’-perth 3 ’-roid rats 
of each sex have both larger adrenals and greater capacit 3 ’- for steroid 
metabolism b 3 '- liver than do normal rats of the same sex. In h 3 'poth 3 a-oid 
animals both adrenal size and steroid metabolism b 3 ’’ liver are diminished. 
The correlation between adrenal size and the capacit 3 '^ of the liver to inac¬ 
tivate the corticosteroid substrate was extraordinaril 3 ’- close in those experi¬ 
ments (r = 0.97) (9). 

In addition to the above evidence, we have also found that castration of 
3 mung rats abolishes both the hepatic and adrenal sex differences. These 
sex differences can then be re-established together b 3 " treating the cas¬ 
trated males with androgens, and the castrated females with estrogens, or 
be completeb'^ reversed together b 3 ’- giving the estrogen to the castrated 
males, and the androgen to the spa 3 ^ed females (10). Furthermore, in both 
sexes of caesarian-delivered rats raised on a pasteurized chow diet, the liv¬ 
ers comprise a larger fraction of total bod 3 " weight, and have higher A'*- 
steroid lydrogenase activit 3 " than is usual for the strain after normal birth 
and growth on an ordinaiy chow diet. The relative adrenal size of such ani¬ 
mals is also larger than is usual for the strain (unpublished data). Finall 3 ", 
even the rapid adrenal enlargement of the female rat at estrus is associated 
with a parallel increase in total hepatic A^steroid h 3 'drogenase activit 3 ", as 
shown in the experiments to be described. 
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From this very clear relationship between the in vitro capacity of the 
liver for the reduction of adrenal cortical steroids at ring A, and the size 
of the adrenal glands, we have concluded that there is a similarly close re¬ 
lationship between the in vivo capacity of the liver to inactivate adrenal 
cortical hormones, and the secretion rate of the adrenal cortex. This con¬ 
clusion is based on three assumptions, in addition to the evidence presented 
above. The assumptions are: a) ring A reduction is a major reaction leading 
to inactivation of corticosteroids in liver; b) changes in total adrenal 
weight are an indication of parallel changes in adrenal cortical secretion 
rate in the conditions and species studied; and c) judgments about hepatic 
metabolism of adrenal steroids in vivo can be made from these in vitro as- 
sa3^s. Insofar as these assumptions are true,® a close parallel relationship 
iDetween hepatic capacity for inactivation of corticosteroids and adrenal 
cortical secretion rate appears to be estaldislied. 

Before this close relationship can l)e taken as evidence for the hepatic 
regulation of adrenal cortical function, it must be shown that primary 
changes in hepatic capacity for corticosteroid inactivation can cause 
parallel changes in adrenal cortical seci-etion rate, but that primary altera¬ 
tions of plasma corticosteroid concentration do not cause parallel changes 
in hepatic inactivation of these hormones. The present experiments were 
undertaken to test these two propositions, and through them, the predic¬ 
tion that tlie liver regulates adrenal cortical function. 

METHODS 

Adult male and female Sprague-Dawlcy rats weighing 200-500 gm. were used in all 
experiments. The animals were kept in a thcrmoregulated room (22° C) and were main¬ 
tained on Purina chow and tap water. 

All assays of hepatic cajiacity for the in vitro inactivation of adrenal cortical hormones 
were performed in duplicate. Corticosterone was the substrate, liver slices were the 
source of enzymatic activity, and the loss of spectral absorption of the steroid at 240 

^ The products of ring A reduction are inactive at physiological concentrations (11), 
and the reaction is for practical purposes irreversible (12). Although reduction of the 
C 20 carbonyl group may occur without prior reduction of ring A (13, 14) and is sufficient 
to inactivate corticosteroids (15), ring A reduction appears to be the first alteration of 
the steroid molecules in the major w vivo jjathway for metabolism of adrenal steroids 
(16). Subsequent reductions of the 3 and 20 ketones, and the conjugation with uridine 
diphosphoglucuronic acid whicli occurs in most of the species studied, serve to increase 
the water solubilitj^ of the inactivated molecules and facilitate excretion of them from 
the body. 

Under some experimental conditions, changes in adrenal size do not give an accurate 
indication of changes in adrenal cortical secretion rate (17). However, adrenal cortical 
secretion is controlled b 3 '’ ACTH, and from the data of Sajmrs et al. (18) it can be shown 
that adrenal size is linearty related to the log of the dose of ACTH in hj'poph 3 'secto- 
mized rats. If time for the change in gland size is allowed, the assumption that changes 
in gland size indicate sustained changes in secretion rate, under most plp'siological con¬ 
ditions, is reasonable. 
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m/i was the measure of ring A reduction. Animals were killed by a blow on the head 
and their livers were quickl}' e.vcised, rinsed in iced saline, and weighed. Slices were cut 
on a Stadie-Riggs hand microtome, and 200 + 5 mg. of slices were added to each incuba¬ 
tion flask containing 2 ml. of warmed, o.x 3 -genated phosphosaline buffer (19). Each 2 ml. 
of the buffer contained 18.2/iM glucose, 0.368 juiM corticosterone, and a trace (0.4%v/v) 
of ethanol. 

The reaction mixtures were incubated for 15 minutes at 37.5° C under 100% oxygen 
at ambient pressure, with continuous shaking. Similar mixtures were held at 0° C for 15 
minutes. The reactions were stopped and the extraction of unmetabolized steroid was 
begun b}' the addition of 20 ml. of cold redistilled dichloromethane to each vessel. 
Thereafter, the procedures were exacth’ as described previouslj- for experiments with 
liver homogenates (20). Recoverj' of known amounts of added steroid from the 0° C 
mixture was 98% complete. The background readings contributed 13% of the total 
optical densitj' of the 0° C mi.xture at 240 mg. 

The reaction velocity in these assa 3 ’s is ver 3 ' dependent upon the initial substrate 
concentration, and it was necessar 3 ' to reproduce this concentration ver 3 ' accuratel 3 " in 
every experiment. In spite of this difficult 3 ' we have found that the slice assa 3 's are 
preferable to homogenate assa 3 ’s, in which zero-order kinetics can be achieved (20), for 
the purposes of these experiments. The reaction velocit 3 ' in the slices is affected b 3 ' 
changes in the availabilit 3 ' of both the enz 3 -me and the coenz 3 'me, TPNH (reduced tri- 
phosphop 3 ’ridine nucleotide) (9), involved in the reaction. The homogenate assa 3 ’ can 
accuratel 3 ’ measure onl 3 ' variations in the amount of the enzyme. We have previously 
shown that the amounts of enzyme and available coenzyme may be changed inde¬ 
pendently under various experimental conditions (9). For this reason the slice assa 3 ' 
gives a better in vitro estimate of the in vivo effect of a treatment than does the homog¬ 
enate assa 3 '. 

The expression of total hepatic capacity for the in vitro reduction of corticosterone at 
ring A is obtained b 3 ' multiplying the amount of metabolism in 200 mg. of slices in 15 
minutes (the activit 3 ' concentration) b 3 ' 

(5) (total liver weight in gm.)(100) 

(15)(bod3' weight in gm.) 

The final activit 3 ^ unit is therefore: gM corticosterone reduced at ring A per minute per 
100 gm. bod 3 ' weight. This form of expression for the total hepatic capacit 3 - for steroid 
ring A reduction is independent of an 3 ' quantitative change in liver tissue constituents, 
such as gl 3 'cogen, which ma 3 - have occurred during an experiment. An increase in liver 
glycogen, for example, would increase liver size, but the accompan 3 ’ing decrease in ac- 
tivit 3 ' concentration would leave the calculation of total capacit 3 ' unaffected. 

For interpretation of the results it is neccssar 3 'to distinguish between the hepatic ca- 
pacit 3 ' for corticosteroid inactivation, as calculated above, and the instantaneous rate 
of hepatic inactivation of the hormones. The hepatic capacit 3 - is a measure of the hepatic 
content of active enz 3 ’me (enz 3 'me plus nccessar 3 ' cofactors) involved In the metabolism 
of the steroid molecules. The instantaneous reaction rate in vivo depends both upon this 
capacit 3 ', and upon the existing substrate concentration in the blood, since the removal 
of corticosteroids from blood is a first-order process (21, 22). .A.n increase in blood con¬ 
centration of adrenal cortical hormones would be followed b 3 ' an increased rate of re¬ 
moval of them from blood, even at constant hepatic capacit 3 ' for adrenal steroid in¬ 
activation. The hepatic capacit 3 ', however, determines the reaction rate for an 3 - given 
substrate concentration, and also determines the half-life of the hormones at all con¬ 
centrations. 

.\nimals treated with ACTH received 10 L'./da 3 ' of Organon ACTH dissolved in 
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1 ml. of gelatin diluent (16% gelatin, 30% propylene glycol, 0.5% phenol) subcuta¬ 
neously. Animals treated with cortisone acetate received either ] .5 or 3.0 mg./day of 
the Upjohn microcrystalline suspension subcutaneously. Adrenal enucleation and 
contralateral adrenalectomy were performed at one stage through bilateral dorsal in¬ 
cisions, under ether anesthesia. The blood clot and necrotic center were removed from 
the regenerating adrenals at the time of weighing, 6 or 12 days after operation. It was 
often difficult to separate cortical tissue from debris, and the weights recorded arc 
subject to some uncertainty. Partial hepatectomy with removal of approximately G5% 
of the liver tissue was accomplished by the technique of Higgins and Anderson (23). 

Rats receiving the acute, 4-hour intravenous infusions of corticosterone were pre¬ 
pared 18 hours before the start of the experiment by catheterization of the lateral caudal 
vein with a polyvinyl catheter, under ether anesthesia. The animals were then placed 
in comfortable restraining cages in which they had previously been trained to remain 
quiet while without food or water. At the start of the experiment, the catheters were 
unsealed without disturbing the rats, and connected to a constant infusion pump de¬ 
livering approximately 2 pg. corticosterone per minute at a flow rate of 0.05 ml./minute 
of 0.15 j\I saline. This infusion rate was chosen to api)roximate the maximum rate of 
secretion of corticosterone by both adrenals in rats of the size employed (24, 25). Con¬ 
trol animals received infusions of saline only. 

Data presented as means are accompanied b\’ the standard errors of the means. 

RESULTS 

Control groups: effects of age, sex, and estrus 

The liver and adrenals represented larger fractions of body weight in 
young adult males than in older adult males. The activity concentration 
was essentially the same in both groups (Table 1), so the total hepatic 
capacity for steroid metalDolism and the relative adrenal weight (total 
adrenal weight in mg./lOO gm. body weiglit) both appeared to decrease 
slightly with age. This effect of aging was small and could be ignored as 
long as all experimental animals weighed between 200 and 500 gm. 

Female rats had lai'ger adrenals and greater total hepatic capacity for 
corticosterone ring A reduction tlian did males (Figs. 1,2). During estrus, 
both the adrenal size and total hepatic activity became still greater. At 
estrus, the adrenal Aveight increased by 20%, and the total hepatic ca¬ 
pacity for steroid inactivation increased by 23% over the levels at diestrus, 
through an increase in liver size at constant activity concentration (Table 
1; Fig. 2, controls). Since the proportion of females in estrus to those in 
diestrus is small in a random population of rats, no attempt Avas made to 
select animals for the experimental groups according to their stage in the 
cycle. Results obtained in experimental groups of females are compared to 
the diestrus control group. 

Hyperadrenalcortical groups 

Prolonged hj’^peradrenalcortical states AA'^ere produced in each sex in tAvo 
different Avar's. One group of animals Avas treated for 12 days AAith ACTH. 
These animals shoAved the expected adrenal lij’^pertrophy, and presumablj 
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Table 1. Raw data showing effects of variations in adrenal 
CORTICAL state IN BOTH SEXES 


Group 

No. 

of 

rats 

Duration 

Body wt. 

(gm.) 

Liver 

weight 

(gm.) 

Total 

adrenal 

Actitnty 
concentration 
(/iM cortico¬ 
sterone reduced 
in 15 min. 

(days) 


weight 

(rag.) 




Initial Final 

1 bv 200 mg. 







of slices) 


Male& 


Controls 

Young adult 
Adult 

Sham-op. 

! 5 

5 

4 

6 

! 204 ± 5 

478 ±24 

357 ± 7 

9.5±0.4 
17.9 + 1.0 
12.8±0.4 

34.0+ 2.1 
63.3+ 4.8 
47.4± 6.5 

OOO 

l+H-H- 

ooo 

bob 

Hyper 

ACTH lOU./day 

5 

12 

425 + 8 425 + 28 

16.0 + 0.2 

89.5± 4.6 

0.10 + 0.01 

Adrenal 

Cortical 

Cortisone Ace¬ 
tate 1.5 
mg./day 

5 

12 

311 ±2 350±10 

U.2 + Q.5 1 

35.7+ 1.7 

0.09 + 0.01 

Hypo ' 

With Weight 
Loss 

5 

6 i 

412 + 5 400+ 6 

14.5 + 0.5 ! 


0.0S±0.01 

Cortical 

With Weight 
Gain 

5 

6 

357±9 367+ 7 

13.4±0.6 


0.16±0.01 


Females 


Controls 

Diestrus 

6 


241 ± 7 


7.5 + 0.7 

60.3 + 

2.8 

0.22 + 0.01 


Estrus 

4 


236+ 9 


8.6 + 0.3 

72.0± 

6.3 

0.23±0.02 

Hyper 

Adrenal 

ACTH lOU./day 
Cortisone Ace- 

H 

12 

1 248 + 5 

253 ± 

8 

10.0±0.5 

142.4±28.7 

0.18±0.01 

Cortical 

tate, 1.5 
mg./day 


12 

268 ±5 

275 ± 

5 ' 

9.2±0.3 

54.2 + 

3.6 

0.20±0.01 


Cortisone Ace- 











tate, 3.0 
mg./day 

4 

12 

289 ±2 

270 ± 

6 

8.5±0.1 

40.8± 

3.2 

o.ig±o.oi 

Hypo 

Adrenal 

6 days Post-op. 

5 


242 ±3 

243 + 

4 

8.2±0.3 

6.0± 

1.3 

0.22 + 0.003 

12 days Post-op. 

3 


252 ±3 

265 + 

2 

9.7±0.1 

15.0± 

0.9 

0.21±0.01 

Cortical 


■■ 









had high blood levels of both ACTH and corticosterone. Another group Avas 
treated for the same period Avith cortisone acetate. These animals shoAved 
the expected adrenal atrophy, and presumably had Ioav blood levels of 
ACTH and high blood levels of cortisone. As shoAAm in Figures 1 and 2, the 
hyperadrenalcortical state, hoAA^eAmr produced, did not cause an increase in 
total hepatic capacity to inactiAmte corticosteroids in anj"^ instance. In fact, 
a substrate depression of the A'*-steroid h3'drogenase actiAutj'' Avas reA^ealed 
(Fig. 1, ACTH and cortisone groups; Fig. 2, 10.4 mg./kg./daj’^ cortisone 
group). 

In males, the ACTH treatment caused a 30% diminution of total hepatic 
actiAutj" for the reduction of ring A of corticosterone. The treatment AAuth 
cortisone caused a 26% loss of actiAuty for the metabolism of corticoster¬ 
one, and a 24% loss for the metabolism of cortisone itself (not shoAAm). In 
females, neither the ACTH treatment, nor the 1.5 mg./da}^ dose of corti¬ 
sone (5.6 mg./kg./dajO affected the enzj'^matic actmtj'^ in the liver for the 
inactivation of either corticosterone or cortisone. At higher doses (10.4 
R'^g’/kg./daj^) cortisone caused a 14% loss of hepatic acthdtj" for the reduc¬ 
tion of corticosterone, and a 36% loss for ring A reduction of cortisone (not 
shoAA-n). The dose of cortisone acetate required to reA^eal the substrate de¬ 
pression of hepatic actmty Avas slightlj’- more than 2 times greater in the 
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ATION U/kg/doy 4 6 CONTRALATERAL ADRENAL 

6<loy« mg./l<g./iJoy ENUCLEATION 

6 doyi poit-op 

MALES 

Fig. 1. Derived data sliowing effects in males of variations in adrenal cortical state 
on the hepatic capacity for reduction of ring A of corticosterone in vitro. Figures in 
parentheses indicate number of animals studied. Lines beside bars indicate standard 
errors of the means. Tlic data from young adult and adult control groups wore pooled. 
(*) indicates that the difference between the experimental value and the control value 
is significant at the 5% level; (**) indicates significance at the 1% level. 


female (10.4 mg./kg./da}’’) than in the male (4.S mg./kg./da.y), pi’esiim- 
ably Ijecaiise of the greater capacity of the female to inactivate adienal 
cortical hormones (10). 

The acute hyperadrenalcortical state produced in four male rats by inti a- 
venous infusion of corticosterone at approximately 2 ^g./min. for 4 horns 
also failed to cause an}’’ increase in total hepatic capacity for steroid ling .i' 
reduction. In fact, a 30% depression of activity by the substrate was o3 
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served (P<0.01). The control saline infusion of 3 rats had no effect on the 
A^-steroid h 3 ’^drogenase activitj’’ of the liver. 

Hypoadrenalcoriical groups 

In males and females the hj'-poadrenalcortical state Avas achieA^ed b}" 
complete remoAml of one adrenal, and removal of all but a fragment of cap¬ 
sule of the opposite adrenal. The enucleation was done alternatelj’- on right 

HYPER HYPO 




ENUCLEATION 


FEMALES 


Fig. 2. Derived data showing effects in females of variations in adrenal cortical state 
on the hcptatic capacity for reduction of ring A of corticosterone in vitro. Figures in 
parentheses indicate number of animals studied. Lines beside bars indicate standard 
errors of the means. (*) indieates that the difference between the e.vperimcntal value 
.and tlio dicstnis control value is significant at the 5% level; (**) indicates significance 
at the 1% level. 
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Fig. 3. Hj’clraulio analogue of the hepatic control of adrenal cortical secretion rate. 
The hepatic-anterior iiituitary-adrenal cortical sj’stem can be represented schematically 
as a single capacity plant with proportional input regulation and proportional output 
self-regulation (via the first order reaction kinetics in vivo) at each setting of the in¬ 
dependently variable output regulator. The instantaneous rate of outflow (inactiva¬ 
tion), to which the rate of inflow (.secretion) will be matched, is determined both by the 
setting of the output regulator (the total liepatic content of TPNH-bound A''-steroici 
hydrogenases) and by the fluid level in the system (the concentration of corticosteroids 
in the blood). 

The time constant of such a system is derived from integration of two first order 
differential equations, one for the inflow relation and one for the outflow relation, and 
is given by; 


S -f C 

where T is the time it takes to diminish by G3% [1 — (1/e)] a deviation of plasma corti¬ 
costeroid concentration from the mean value; V is the volume of distribution of adrenal 
cortical hormones at plasma concentration; S is the sensitivity of the input regulator; 
and C is the hepatic content of TPNH-bound A'*-steroid h 3 ’drogenasos. 

The liver will therefore have a controlling influence on both the rate of adrenal cortical 
secretion and the time required to correct an alteration in plasma corticosteroid con¬ 
centration, regardless of the absolute value of the concentration. In addition, the liver 
maj' also influence the mean regulated level of corticosteroids in the blood. In the hj- 
draulic analogue, the mean level (Pm) is given b}'; 

p — 

“ “ S + C 

where q, is the rate of inflow which would be observed if the level were zeio. Hence, 
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and left sides. These hypoadrenalcortical animals required no therapy, and 
the regeneration of the adrenal tissue followed the course described by 
Ingle (26). Total adrenalectom 3 ^ was i-ejected as an experimental test of the 
effects of decreased adrenal cortical secretion rate on steroid metabolism b}" 
liver because prolonged absence of adrenal cortical secretion does not occur 
ph3^siologicall3\ 

The assa 3 's were performed 6 da 3 ^s after the surgical removal of most of 
the adrenal tissue. At that time, onl 3 ’^ 26% and 42% of the normal amount 
of cortical tissue was present in two groups of males, and onl 3 ^ 26% was 
present in the females, assuming that the medulla represents 9.2% of the 
total weight of the normal male adrenal and 6 . 8 % of the total weight of the 
normal female adrenal (27). The results in the two groups of h 3 'poadrenal- 
cortical males are shown in Figure 1. In the male group which received the 
more extensive removal of adrenal tissue, all the animals lost weight dur¬ 
ing the 6 -da 3 '^ post-operative period. In these males, ivhich apparentl 3 ^ had 
severe adrenal cortical insufficienc 3 q there was a significant loss of hepatic 
capacit 3 ’- to inactivate corticosterone b 3 ’’ ring A reduction (Fig. 1, h 3 'po- 
adrenalcortical group on left). In the second group, however, with some¬ 
what less extensive loss of adrenal tissue there was no change in hepatic 
steroid metabolism (Fig. 1, h 3 ^poadrenalcortical group on right), and eveiy 
one of these animals gained weight during the 6 -da 3 '^ post-operative period, 
although at a slower than normal rate. A similarly prepared group was fol¬ 
lowed for 12 da 3 ^s after operation (not shown). Further adrenal regenera¬ 
tion was found, as described b 3 ’’ Ingle (26), suggesting that the concentra¬ 
tion of ACTH in blood was still elevated during the 6 th to 12th da 3 '’ be¬ 
cause of persisting low plasma corticosteroid concentration. The continu¬ 
ing h 3 "pertroph 3 ^ of the adrenals indicates that all the animals assayed at 6 
days were reall 3 ^ in a h 3 "poadrenalcortical state. 

Sham operations consisting of bilateral excision of pieces of perinephric 
fat were without effect on either adrenal size or hepatic metabolism of cor¬ 
ticosterone (Fig. 1, controls). 

the greater the outflow capacity, the lower the mean regulated level. Changes in the 
mean regulated level, as a result of changes in outflow capacity, are known as load- 
errors. In the biological system we have shown that as the hepatic capacity (C) increases, 
the adrenals hj-pertrophy, and so compensating changes in qj max maj- minimize the 
effects of changes in hepatic capacity on the mean plasma concentration of adrenal 
cortical hormones. Thus, the load-error effect in the biological system may be much less 
than the hydraulic analogue would indicate. 

The high ACTH concentration in the blood of adrenalectomized animals is further 
increased when the animals are e.vposed to stressful stimuli (37). Such an effect in ani¬ 
mals with zero corticosteroid concentration must have been brought about by some in¬ 
dependent variable other than the liver (e.g., hypothalamic e.xcitation). The additional 
Independent variable is represented in the figure bj' the turnbuckle. 

The hydraulic analogue is based upon Smith (29). 
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Similar results were obtained in the females made hypoadrenalcortical in 
the same manner, by surgical removal of most of the adrenal tissue, fol¬ 
lowed by 6 to 12 days of recovery and partial adrenal cortical regeneration. 
As shown in Figure 2, the hypoadrenalcortical state in females had no effect 
on the capacity of the liver to inactivate corticosterone by ring A reduction. 
Considerable adrenal regeneration occurred between the 6th and 12th day 
and so it seems likely that the 6-day group was indeed in a hypoadrenal¬ 
cortical state at the time of assa}'. 

Partial hcpaicctoiiiy 

The results of all these direct attempts to simulate wide variations in 
adrenal cortical function indicate that changes in the rate of adrenal corti¬ 
cal secretion do not cause parallel changes in the capacity of the liver to 
inactivate corticosteroids. 


Table 2. Effect of hemoval of G5% of the i.iveb on tub weight of the adhenal 
GLAND.S. Splenectomy m-as u.sed to control the effects of ether anesthesia 

ANH SURGICAL TRAUMA ON ADRENAL -WEIGHT 


Group 

Body 

\Vt. lit 

operivtion 

(pm.) 

IVt. tiswo 
removed 

(pm.) 

24 hours 
l)ost-op. 

48 ho\irs 
post-op. 

72 hours 
post-op. 

96 hours 
post-op. 

Liver 

\vt. 

(pm.) 

Adr. 

wt. 

(mp.) 

Liver 

wt. 

(pm.) 

Adr. 

wt. 

(mg.) 



Liver 

wt. 

(pm.) 

Adr. 

wt. 

(mg.) 

FemnUs 

Splenectomy 

Controls 

24()±C.5 

(5) 

0.8±0.0S 

(5) 

m 

06.8 

(1) 

S).2 

(1) 

72.4 

(1) 

9.5 

(2) 

70.2 

(2) 

9.7 

(1) 

77.6 

(1) 

llcpatectomy 

250 ±2, SI 
(5) 

0.1+0.73 

(5) 

4.4 

1 

101.8 

(D 

7.2 

(1) 

80.0 

(1) 





^fnlcs 

Splenectomy 

Controls 

2S0±2.G 

(5) 

2.1 ±0. IS) 
(5) 

11.3 

CD 

.50.1 

(1) 

11.7±0.02 

(4) 

55.6 + 2.0 
(4) 





Hepntcctomj’ 

281 ±7 
(5) 

O.S)±0.32 

(5) 

3.8 

(1) 

41.4 

(1) 

6.3±0.4 

(4) 

41.3±1.1 

(4) 






We then attempted the converse experiment of testing whether direct 
alterations in the amount of liver tissue would lead to parallel changes in 
adrenal size. For this purpose male and female rats of the caesarian-de¬ 
livered Sprague-Dawle}'^ strain (Charles River Laboratories) were sub¬ 
jected to surgical removal of approximate!}'’ 65% of their total liver tissue. 
The}' were studied between 24 and 96 hours after operation. The weights 
of the regenerating liver and of the adrenals were measured and compared 
to the liver and adrenal weights of animals of the same size which had re¬ 
ceived total splenectomy as a control operation at the time of the hepatec- 
tomy in the others. The results are shown in Table 2. 

The adrenals of partially hepatectomized males were atrophic, compaied 
to those of their sham-operated controls (P<0.01) 48 hours after operation, 
in spite of the fact that more surgical trauma was involved in the hepatec- 
tomy than in the splenectomy. Approximately three times more liver tissue 
than spleen tissue was removed. In the females the effect of partial hepatec- 
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tomy on adrenal size could not be examined, because the liver regenerated 
almost completely while the adrenals were still h 5 ’pertrophied as a result of 
the stress of the operation. The results in the males, however, show that 
primarj^ changes in hepatic capacity for inactivation of adrenal cortical 
hormones can cause parallel changes in adrenal size. 

EUccis of stress 

The demonstration of a veiy rapid substrate depression of the enzjmiatic 
inactivation of corticosteroids b}"^ ring A reduction during the four-hour 
intravenous infusion of corticosterone, suggested to us that this effect of 
corticosteroids on the liver might reinforce the h 3 ’^peradrenalcortical state 
of stress at a time Avhen the plasma concentration of adrenal cortical hor¬ 
mones is high. We studied various types of experimental conditions which 
are commonty thought to provoke “stress” responses in rats (cold, fasting, 
trauma, ether anesthesia, exercise) and found that in most instances the 
ability of the liver to metabolize steroids by ring A reduction was severel}" 
diminished. In no case was it increased. These results will be reported in 
detail elsewhere. 

DISCUSSION 

The results of the present experiments show that changes in plasma con- 
concentration of ACTH or adrenal cortical hormones do not cause parallel 
changes in the hepatic capacitj' for the inactivation of corticosteroids bj' 
ring A reduction. Onl}'^ in the extreme case of the male group with adrenal 
cortical insufficiency and weight loss was the change in steroid metabolism 
in the same direction as the change in adrenal cortical state. Therefore, the 
close parallel relationship between adrenal size and hepatic metabolism of 
adrenal steroids pre'sdouslj" described does not represent a secondarj^ re¬ 
sponse of the liver to primary changes in adrenal cortical secretion rate. In 
contrast, however, independent alterations of hepatic capacitj" to inacti¬ 
vate adrenal cortical hormones can cause secondary changes in adrenal 
size. The adrenals of partiallj^ hepatectomized male animals were signifi¬ 
cantly smaller than those of their sham-operated controls (Table 2). From 
these data we have concluded that the many examples of parallel changes 
in adrenal size and hepatic capacity to inactivate corticosteroids demon¬ 
strate an hepatic control of adrenal cortical secretion rate. 

The controlling influence of the liver on adrenal cortical function could 
be mediated bj^ the mechanism proposed in the negative-feedback hj^- 
pothesis. According to this hypothesis, the release of ACTH from the an¬ 
terior pituitaiy is inhibited bj^ adrenal cortical hormones (2, 3). As a conse¬ 
quence of this inhibition, changes in the plasma concentration of corti¬ 
costeroids cause opposite changes in adrenal cortical secretion rate, so that 
the concentration tends to be restored to its initial level. Concentration 
changes brought about b}'’ the liver could signal compensating changes in 
adienal cortical secretion rate through such a mechanism, as shown 



828 URQUHART, YATES AND HERBST Volume 64 

schematicall}'' in Figure 3. After hypophysectomy, the controlling influence 
of the liver on adrenal cortical function appears to be lost. Hypophysec¬ 
tomy in the rat prevents the adrenal hj'-pertrophy of hyperthyroidism (29 
30), and abolishes the sexual dimorphism of the adrenal glands (31), both 
of M^hich we have considered to be examples of the controlling influence of 
the liver on adrenal cortical secretion rate. 

The extraordinarily close correlation (r = 0.97) between adrenal size and 
the capacity of the liver to reduce tlie group of corticosteroids (9) sug¬ 
gests that the negative-feedback control very effectively matches the mean 
input of adrenal cortical hormones to anj^ given output over a wide physio¬ 
logical range of steroid inactivation rates. Through this feedback mecha¬ 
nism, variations in the hepatic capacity for adrenal cortical hormone inac¬ 
tivation may regulate the rate of ACTH release, as well as the rate of secre¬ 
tion of adrenal cortical hoi'inones. Therefore, in any physiological state in 
which the liver maintains this controlling influence on adrenal cortical 
secretion rate, no valid estimate of changes in plasma corticosteroid con¬ 
centration can be made solel}' from changes in plasma ACTH concentra¬ 
tion, adrenal size, or adrenal cortical secretion rate. 

Alterations in the hepatic capacity to inactivate adrenal cortical hor¬ 
mones may affect the amplitude of the hunting of the plasma corticosteroid 
concentration about a mean value. For example, ACTH release may be in¬ 
fluenced by the rate of change of pla.sma corticosteroid concentration as 
well as b}’’ the absolute magnitude of the cliange, just as the magnitude of 
the change in stimulus intensit}’- required to elicit a response from thermal 
and stretch receptors is inverselj’’ related to the rate of the change (32, 33). 
If the rate of hepatic inactivation of corticosteroids is diminished, a sub¬ 
stantial decrement in plasma corticosteroid concentration might occur be¬ 
fore the steroid inhibition of ACTH secretion is decreased, and adrenal 
cortical secretion begins to re-establish the initial concentration. Con¬ 
versely, if the rate of steroid inactivation is elevated, a veiy small decre¬ 
ment in concentration might serve to provoke the compensatorj’^ response 
from the anterior pituitaiy and adrenal cortex. This proposed inverse 
relationship between hepatic capacity for steroid inactivation and the 
amplitude of variation of the plasma concentration of corticosteroids 
about a mean value may explain the difference in variabilit}" of plasma 
corticosterone levels found among groups of male, diestrus-female, and 
estrus-female rats (34). The coefficients of variation about the means were 
34.8%, 14.8%, and 8.6%, respectively.*' The hepatic capacities for inac- 

* We derived the coefficients of variation from the data jrresented as means and 
standard errors of the means. An “F” test showed that all differences among the stand- 
ard deviations of the means of the three groups were significant (P<0.01) althoiigh tie 
means themselves were almost identical and the groups with the smallest variabilitj 
contained the fewest animals. 
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tivation of corticosterone Avhich we have measured in similar groups are 
0.17, 0.23, and 0.28 AtM/minute/100 gm. bod}'^ weight, respective!}' (Figs. 
1 & 2 ). 

Although our results indicate that the liver is a principal determinant of 
ACTH release and adrenal cortical secretion rate in normal animals, other 
independent determinants of ACTH release ma}^ supersede the hepatic 
regulation of adrenal cortical function under abnormal conditions such as 
stress. These other influences on ACTH release (e.g. hypothalamic excita¬ 
tion) can cause sustained elevations of adrenal cortical secretion rate which 
are independent of any changes in hepatic metabolism of the steroid hor¬ 
mones (Table 2, females). The failure of either ACTH or adrenal cortical 
hormones to increase the capacit}'^ of the liver for corticosteroid inactiva¬ 
tion indicates that any metabolic effects following such sustained eleva¬ 
tions of corticosteroid inflow cannot be abolished b}^ the liver. Increased 
hepatic capacity for corticosteroid inactivation is therefore not involved in 
the unexplained escape of animals from the initial sodium and water reten¬ 
tion, observed under certain conditions, during treatment with large doses 
of ACTH or adrenal cortical hormones (35, 36). 
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NOTES AND COMMENTS 

THE EFFECT OF ACTH ON ADRENAL ASCORBIC ACID 
IN LAYING HENS 

ABSTRACT 

In experiments on the effect of ACTH-administration to one-year old lajdng 
hens and three-month old pullets, the following results were obtained: 

In one-year old laying hens adrenal ascorbic-acid was depleted bj' 57.0% as 
compared to their controls. However, no effect of ACTH could be elicited in three- 
month old pullets. 

These results suggest, therefore, that the failure of other workers to obtain a 
depletion in adrenal ascorbic-acid upon ACTH-treatment may be attributed to the 
age factor. 

Ascorbic acid depletion in the adrenals of animals as a result of corticotropin adminis¬ 
tration appears to be reasonably well established (1, 2). This fact is explained by the 
biogenesis of the corticosteroids. Several workers reported that in this respect, the be¬ 
havior of the avian adrenal gland is quite different from that of other animals, since 
they failed to observe ascorbic acid depletion in the adrenals of chickens (3, 5, 4), ducks 

(6) , and quails (7) after ACTH administration. 

The particular status of birds concerning the elicitation of this reaction cannot be 
explained on the basis of the slightl 3 ' different histological appearance of the fowl’s 
gland; the authors, therefore, found it worthwhile to reinvestigate the problem. 

MATERIALS AND METHODS 

Twelve one-j^ear old White Leghorn laying hens, and twelve three-month old pullets 
of the same breed were used in these experiments. The birds were divided into 4 equal groups, 
i.e. six chickens per group. Groups I and II consisted of laying hens, and Groups III and IV 
of pullets. Each bird in Groups I and III was given a 0.5 ml. intravenous injection of 10 i.u. 
of ACTH, while the birds in Groups II and IV served as controls, receiving each 0.5 ml. of 
saline intravenousl}'. The ACTH used was Armour “ACThar” corticotropin, lot number 
S/43901. All injections were performed exactly one hour before sacrificing the birds for the 
subsequent removal of their adrenals. The birds were killed bj’ cervical dislocation, and the 
two adrenals of each bird were weighed together, and their combined ascorbic acid was 
determined. The method used for ascorbic acid determination was that of Roe and Kuether 

(7) , using Norit as an oxidizing agent. Colorimetric readings were made on a “Hilger” 
electrophotometer. 


RESULTS AND COMMENTS 

As maj- be seen from the table, the average absolute amount of adrenal ascorbic 
acid in the non-treated lajdng hens (Group II) was approximatelj" 30% lower than that 
of the pullets. The ascorbic acid concentration of the pullets’ glands was twice that of 
the hens, due to the smaller weight of the pullets’ adrenals. ACTH injections in the 
laying hens (Group I) caused an average depletion of 57% in their adrenal ascorbic 
acid content. At the same time, no effect of ACTH treatment on adrenal ascorbic acid 
depletion could be detected in the 3-month old pullets. 

In view of the lack of effect of ACTH injections on the adrenal ascorbic acid of imma¬ 
ture chickens, and in view of the positive results obtained with older birds in our experi¬ 
ments, the following conclusions maj’ be drawn: 

1. The failure of other workers to observe a depletion of adrenal ascorbic acid in birds 
following ACTH injections maj" be attributed to the age factor, as their experiments 

Received October 30, 1958. 
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Effect of ACTH on adrenal weight and ascorhic acid content 



Moan 

adrenal weight 
(mg.) 

Moan 

ascorbic acid 
content (mg.%) 

Mean 

ascorbic acid 
concentration 
(mg. %) 

Group I 

ACTH-treatod Laying liens 

135 + 11 .00 

95+7.40 

70±5.00 

Group 11 

Saline-treated Laying Hens 

138 ±14.00 

222 + 19.00 

101 ±18.20 

% Difference between 

Groups I and II 


57% 

50% 

Group III 

ACTH-treatod Pullets 

91 + 3.00 

309 + 13.20 

329 ±11.00 

Group IV 

Non-treatod Pullets 

91 +2.40 

305 ±2.78 

335±7.00 

% Difference between 

Groups III and IV 


1.3% 

1.9% 


were carried out on 2-clay old chicks (3), 37-day old chicks (4), G- to 10-wcek old cockerels 
(5), 23-day old ducks (G), and 12-wcek old quails (7). 

2. In older birds, the adrenals respond to ACTH treatment with the same sensitivity 
as mammalian adrenals, when judged by the depletion of ascorbic acid content. Similarly, 
age differences Iiave been observed in the chicken in connection with other phenomena 
linked to adrenal activity. Thus, while a single injection of adrenal cortical extract (ACE) 
in the adult fowl caused a transient lympliojicnia, and Icucocytosis (9), ACE in the 
chick embryo caused no change in lymphocytes, but a rise in polymorphonuclear cells 
(10). ACTH in the 5-day old chick had no effect on the number of eosinophils (11). 

M. Perek, B. Eckstein .vnd Z. Eshkol 

Hebrew I'niversily, Jerusalem 
Facidly of Agriculture 
Rehovot, Israel 
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INFLUENCE OF ANDROGENS ON ENZYIMES OF THE KREBS CYCLE' 

ABSTRACT 

The concentration and total fumarase activity of mouse but not rat or guinea 
pig liver was decreased bj' castration and maintained or restored to normal by 
testosterone administration. The activities of succinic, malic and isocitric dehydro¬ 
genases of the liver were not altered in any of the species. The concentration of ac- 
tivitj" of none of the enzymes was altered in the kidney, heart or muscle. Thus, 
those tissues which changed in weight after castration and androgen administration 
e.xhibited a change in total enzj'me activit 3 ’^ in direct proportion with the change 
in weight of the tissue. 

Androgens are able to stimulate the synthesis of new tissue in man 3 ' organs of the 
body (1) and also increase the utilization of body fat (1, 2, 3) without an apparent in¬ 
crease in energy metabolism (1). It seemed important, therefore, to determine whether 
the activity of an}-- of the enzymes of the energ}”^ producing Krebs Cycle were altered 
during these androgen-induced changes in metabolism. 

Animals: The rats (Sprague-DawlejO were maintained in individual metal cages, the 
mice (National Laboratories, Creve Coeur, Mo., or Stokelej'-Peterson Co., Madison, IVis.) 
were kept in groups of 3 or 4 in glass jars containing wood shavings, and the guinea pigs 
(Hartley strain, Tumblebrook Farms) were kept in groups of 3 to 4 in metal cages with screen 
bottoms. The rats and mice were fed ad libitum the Rockland Mouse diet and the guinea 
pigs received the Purina Rabbit Checkers or Superior Rabbit pellets with supplements of 
25 mg. of Vitamin C and 30-40 gm. carrots three times per week. The artificial lighi was 
regulated at 12 hours per daj'. The temperature for the rats and mice was maintained at 
25-27° C and that for the guinea pigs at 22-23° C. 

Castration and subcutaneous implantation of pellets of androgens" were carried out under 
ether anesthesia. 

Enzyme determination: The guinea pigs and rats were stunned by a blow on the head and 
then bled to death by cutting the blood vessels of the neck. The mice were killed bj" dislocating 
the spine at the base of the skull and cutting the blood vessels of the neck. The tissues were 
immediately removed, weighed and an appropriate aliquot placed in ice-cold redistilled 
water for homogenization in Potter-Elvejhem type all glass homogenizers. 

The methods for the determination of succinic dehj'drogenase (4, 5), malic dehydrogenase 
(5), isocitric dehj'drogenase (6) and fumarase (7) were as reported. The succinic dehydro¬ 
genase e.vperiments with mice were repeated with the Warburg procedure (5) with essen¬ 
tially the same results. 

RESULTS 

Organ Weights: The changes in organ weights due to castration and androgen treat¬ 
ment were as expected (1, S). 

Fumarase: Mice. Castration did not significantly alter the concentration of fumarase 
activity in the heart or the kidney of the mouse (Fig. 1). Thus, the activity of the enzyme 
changed in direct proportion with the changes in weight of these two organs. The ac- 
tivitj' of fumarase in the liver (Fig. 1), on the other hand, showed a definite decrease in 
concentration within 10 days after castration and remained low during the period of 
castration. Furthermore, castration at an older age, resulted in a prompt decrease in the 
concentration of activitj-. The implantation of a pellet of testosterone at the time of 
castration or 60 days later maintained and restored respectively the activity of the 
enzyme. 

Eats and Guinea Pigs: The concentration of fumarase activity of the liver, kidnej' and 
heart of rats and guinea pigs was not changed after castration or various doses and 
duration of androgens. 

Malic , succinic and isocitric dehydrogenases: The activities of these enzymes in the 

Received December 24, 1958. 
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Fig. 1. Tlie effect of ca.stration, te.stostcrone and age on the concentration of fuinarasc 
activities in the tissues of tlic mouse. Co = Castration at 35-40 daj’s of age; C 2 o = Castra- 
tion at 55-GO clays of age; T = ]5 mg. pellet of testosterone implanted subcutaneously 
21 days before autopsy. The units arc per mg. wet weight of tissue; 1 unit = a change of 
0.01 O.D./min. at 240 m/a. (7). 

liver, kidney and heart of the mouse, rat and guinea pig were not affected by castration 
or androgen administration. Furthermore, the malic and succinic dehydrogenases were 
not altered in the temporal muscle of the guinea pig or the gastrocnemius muscle of the 
rat. 

Effect of Age: A progressive increase with age was evident in the activit}' of isocitric 
deh 3 'drogcnase of the mouse tissues especially- in the heart and an initial increase in the 
fumarase activity. The other two enzymes were not studied over a sufficiently long period 
of time to warrant any definite conclusions. 

DISCUSSION 

These studies indicate two definite roles of the androgens in regulating the activities 
of the Krebs Cj-cle. The first is a general function. These enzj-mes change in activity in 
direct proportion with the decrease in protein synthesis after castration and the increase 
after androgen administration as seen in the kidnej- and heart of the mouse and rat and 
the temporal muscle of the guinea pig. Since most of these enzj'mes are present in the 
mitochondria, it would seem that the androgens induce synthesis of some elements of 
the mitochondria at the same time that they arc inducing synthesis of other protein 
constituents of the particular tissue. Several other enzymes are known to change in 
direct proportion with the changes in weight of these same tissues after castration and 
androgen administration, c.g., the alanine-glutamic and aspartic-glutamic transaminases 
of the temporal muscle of the guinea pig (9) and the kidnej' and heart of the mouse (10), 
the acid phosphatase of the mouse kidnej- (11), and adenosine triphosphatase of the 
kidnej- and the heart of the rat and the mouse (10). Furthermore, the succinic dehj-dro- 
genase (12) and the oxj-gen consumption (13) of the perineal muscles of the rat also shoi\ 
a directly proportionate change with weight. 
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It is noteworth}' that the decrease in fumarase activit}' of the liver of the mouse is 
prevented or restored bj' testosterone administration. The activity of the enz 3 'me, how¬ 
ever, is never increased above normal. Furthermore, the need of androgen to maintain 
the fumarase at normal activity is peculiar to the mouse liver. Not onh- the other tissues 
but also the liver of the rat and guinea pig show no tendencj" to require androgen for the 
maintenance of normal fumarase activit 3 ’. 

The reports (14, 15) that castration results in higher succinic delydrogenase activit}- 
in the liver of rats cannot be reconciled with the results of this studj-. 

Gerald L. Endahl and Charles D. Kocharian 
University of Alabama Medical Center 
Birmingham, Alabama 
and 

Oklahoma Medical Research Foundation 
Oklahoma City, Oklahoma 
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THE EFFECT OF EXCESSIA^E IODINE ON THE THYROID 

OF THE RAT 

abstract 

The immediate effect of large single doses of iodide on th 3 Toid function in the 
rat has been studied with the aid of I*’* and chromatographic anab’sis. Organic 
binding of iodide is initialh’ depressed, but the effect wears off after IG hours pre- 
sumabh' as the plasma iodide declines. The ratio of monoiodotiTOsine to diiodo- 
t 3 ’rosine is elevated at the time of minimal binding. 

Long term treatment (7 weeks) of rats with iodide results in an initial suppres¬ 
sion of R’l binding in the th 3 'roid. The effect has disappeared after 3-4 da 3 ’s but 
iodide binding falls slowB' during the ensuing weeks. There is little or no eiddence 
of hi'potln'roidism in these animals. 
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In 1948, Wolff and Chaikoff (1) showed that the organic binding of iodine by the 
thyroid gland of the rat could be almost completely blocked by the administration of 
relatively large doses of iodide. This inhibition was related to plasma iodide levels and 
lasted about 17 hours. It was further shown that the amount of diiodotyrosine (DIT) 
formed in the gland was smaller, and the conversion of DIT to thyro.xinc (T^) was con- 
siderabl}" slower when large amounts of iodide were injected (2). However, even if a 
high plasma level of iodide was maintained, the blocking effect was only temporary 
and the formation of significant amounts of organically bound iodide was resumed within 
24 hours (3). 

The recent findings (4) that the rat thj'roid gland could synthesize monoiodot 3 Tosine 
(MIT) under the influence of ijropylthiouracil (PTU) and perchlorate, but could not 
carry thyroid hormone biosynthesis beyond this point prompted us to investigate the 
nature of the small fraction of organic iodine formed when I*=‘ was injected together with 
a large dose of nonradioactive iodide. 

MUTHODS AND MATERIALS 

Adult male hooded rats were fed on the Bruce and Parke.s diet 41b (diet 41 (5) omitting 
cod liver oil and containing a vitamin supplement); the iodine content of the diet i.s not 
known. In order to determine the effect of a single dose of iodide each rat was given an 
intraperitoneal injection of 500 fig. iodide (as KI) together with 100 iic. I"'. All experimental 
groups contained G animals. The rats were anesthetized with ether and their thyroids were 
removed at 1, 2, 4, 8, IG, and 24 hours after the injection. The glands were immediately 
chilled in a beaker standing in dry ice. In other ex])criments I”' was administered 1 or 2 hours 
after 500 ng. iodide; the thyroids were removed 4 hours later. 

Experiments were also carried out on rats pre-treated with iodide, administered as a 
0,01% iodide in the drinking water; in this wa.v each animal received about 1 mg. iodide per 
da.y. Th.vroid analyses were iierformcd dally for 7 days and at 2, 3, 5 and 7 weeks; each 
animal was injected with 500 ng. iodide and 100 fic. I*’', the thyroids were removed 4 hours 
later and chilled. 

Control rats were injected with 10 /ic. I”' alone and their thyroids were removed and 
analj'zed at the aiipropriate time after the injection. 

Analysis of thyroid glands 

Protein bound thj'roidal I”' was determined in the manner previouslj’ described (4). In 
some experiments, the radioactivity in the glands was estimated in a well-tj'pe scintillation 
counter before and after dial.vsis against running tap water. Portions of the glands were 
h 3 'dro! 3 'zed with tiypsin in borate liuffcr at pll 8.G and the h 3 'drol 3 'sates were chromato¬ 
graphed in butanol-dioxan-2N NIIj, 4:1:5 (BDA) and butanol saturated with 2N acetic 
acid (BAc). The distribution of radioactivity’ on the chromatograms was measured in an 
automatic strip counter. 

Detenninalion of thyroidal nptakes and thyroid: scrum iodide (.T/S) ratios. 

Normal rats and rats pre-treated with PTU (10 mg.), injected intraperitonealiy’ 1 hour 
before the experiment, were given 0.1 fiC. I*’*; rats injected with 500 /zg. iodide received 10 itc. 
P’b One hour later the thy'roids were removed and weighed, and the radioactivity’ in the 
glands and sera was measured. The thy’roidal PBI”‘ and inorganic I*” was measured as 
described above. 


RESULTS 


Effect of a single injeclion of iodide 

During tlic first 2 hours after the injection of 500;iig. iodide and I'^h the PBP^‘ was 
less than 10% of the total thy’roidal I*^', compared with over 90% in the controls; there¬ 
after it rose steadily’ and at 16 hours did not differ from that of the controls (Fig- !)• 

Chromatographic analy’sis of thy'roid hy’droly'satcs shoived that the ratio of I 
MIT/DIT in the treated animals was considerably higher than in the controls in the 
first 8 hours after injection; during this period in the experimental group, only sma ^ 
amounts of labelled DIT could be detected (Table 1). However, after 16 hours the I 
MIT/DIT had returned to normal levels. Similar results were obtained when the iodide 
was administered 1 hour before the I'^*. 
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Table 1. Immediate effect of iodide administration on thyroidal MIT/DIT 



TIME (hours) duration OF IODIDE FEEDING (WEEKS) 

Fig. 1 Fig. 2 

Fig. 1. Effect of a single large dose of iodide on organic binding of P” in rat th}Toid 
glands. 

Open circles represent as a per cent of the total P’^ in the glands of rats in¬ 

jected with 500 pg. iodide-f-I’”. 

Crosses represent PBP’' in glands of control rats given P^^ alone. 


Fig. 2 . Effect of chronic iodide feeding (1 mg. per dajO on organic binding of in rat 
thyroid glands. Brackets indicate range of value obtained in each group. 


Effect of chronic iodide administration 

The gradual increase in thj'roidal PBI“‘ per cent found in rats fed iodide for increasing 
lengths of time up to 7 weeks is shown in Fig. 2. 

It is evident that the depressed organic binding of iodine in the thj^roid which is pro¬ 
duced b}’ e.Ycessive iodide administration is only temporary, since 85% of the thyroidal 
P®^ was protein bound in animals which have been pretreated with iodide for 4 daj's. 
Prolonged iodide feeding, however, resulted in a gradual fall in per cent of tln'roidal 
radioiodine present as PBI“b The corresponding P” MIT/DIT ratios are shown in 
Table 2. As in the short term experiment, this ratio was highest when organic binding of 
iodine was most depressed; at all times it ivas somewhat higher than normal. 

T/S ratios 

In normal rats and in those where organic binding of iodide was blocked with PTU, 
the T/S ratios varied between 31 to 15S. The average hourlj' thyroidal P®' uptake in 
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Table 2. Effect of prolonged iodide feeding on thyroidal MIT/DIT 


Duration of treatment (daj's) 

1131 mIT/DIT 

1 

1.25 

2 

1.20 

3 

O.GO 

7 

0.62 

14 

0.82 

21 

0.75 

35 

0.92 


normal animals was 3.3% of the close, and increased to 10.6% in 24 hours. In the iodide 
treated rats the T/S ratio varied between 11 and 22; the uptake was 0,21% and 0.56% 
of the dose 1 and 24 hours after the injection. 

COMMENT 

These findings arc in agreement with those of IVolff and Chaikoff (1) who reported 
that a single e.xcessive dose of iodide e.xerted an immediate depressing effect on the or¬ 
ganic binding of iodine by the rat thyroid. This effect lasted about 16 hours, by which 
time the concentration of iodide in the plasma had markedlj' decreased. The present 
results have also shown that when organic binding of iodide is most depressed, the 
hllT/DIT ratio is very high. An elevated MIT/DIT ratio has been observed in several 
conditions where the thyroid might be c.xpcctcd to be iodine deficient (4, 6, 7) or where 
thyroid function was undeveloped (8), or abnormal (9); it appears surprising that this 
ratio should be elevated when the gland must be saturated with iodide. 

In the rats pretreated with iodide the marked depression of organic binding was only 
temporary and the gland escaped from this effect after 3-4 days. However, the organic 
binding appeared to decrease slightly with continued treatment (Fig. 2) although the 
i\IIT/DIT ratios were not greatly elevated. The thyroid glands of rats that had been 
fed iodide water for 7-8 weeks were normal in appearance and weight. Histological 
e.vamination of these glands showed onlj' a slight increase in follicle size with minimal 
changes in cell height. Neither did these animals show the usual signs of hypotlijToidism 
such as coarsening and loss of hair and the increased weight found in th 3 Toidectomized 
adult rats. It appears that the rat tlyvroid does not respond in the same dramatic way to 
iodide as does the chick tlyrroid (10). AYhcthcr even more prolonged administration of 
iodide will evcntuall}' induce goiter in rats as it can occasional!}' do in man (11-19) is at 
present being investigated. 

AhVLEKIE A. GaLTON AND RoSALIND PiTT-RiVERS 

National Inslitule for Medical Research 
Mill Hill, London, England 
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A TEST FOR PROLACTIN USING THE HYPOPHYSECTOiMIZED 
EFT PHASE OF DIEMICTYLUS VIRIDESCENS 

ABSTRACT 

Hj'pophj’sectomized, terrestrial efts of Diemictylus viridescens respond to treat¬ 
ment with prolactin above an estimated threshold of 0.04 i.u. by migrating to water. 

The protocol for conducting a prolactin assay using the eft is described and the 
results of an assa 3 ' of highlj' puriHed prolactin are given. 

In recent j^ears a minimum dose assay method for the estimation of prolactin has 
been developed using the terrestrial (red eft) stage of the eastern spotted newt, Di- 
emiclylus viridescens, as the test organism. A description of the technique is presented 
here in order that its protocol be available to those interested in the problem. 

Following metamorphosis, individuals of Diemictylus enter into the terrestrial eft 
phase which usually lasts for about three years. The animals then return to water and 
develop the laterally compressed (keeled) tail, lateral line system and olive pigmentation 
of the adult. Reinke and Chadwick (1) demonstrated that efts receiving implantations 
of whole adult pituitaries voluntarilj’ entered water within a few days following treat¬ 
ment and assumed adult morphological characteristics. Following injections of 14 to 20 
mg. of prolactin (Eli Lillj^ unidentified lot) Chadwick (2) was able to induce such a 
“water drive syndrome” in thjuoidectomized and gonadectomized efts. However, con¬ 
flicting evidence was presented b}' Dr. R. 'N. Pajme (personal communication) who 
elicited the same reaction with various other pituitar}’ preparations. These results maj' 
be attributed to endogenous release of pituitar 3 ' hormones. In in3'estigations utilizing 
hypophysectomized efts Grant and Grant (3, 4) have verified prolactin in the role of the 
active water drive principle, but ha3^e shown that it is not directl}'- involved with the 
production of the range of morphological changes associated with the complete water 
drive S 3 mdrome. There is no difference in the response of efts to prolactin aboim the 
3 ag. level (0.10 i.u.) at which all animals respond according to Grant (5), and unpub¬ 
lished data indicates a threshold at about 1.4/ug. (0.049 i.u.) for highly purified prolactin 
(C. H. Li). 


METHODS 

Care of test animals; Efts can be kept for several months in good condition without feeding 
in plastic containers or aquaria provided with earth and a few dried leaves. Their environ¬ 
ment should be kept slightl 3 ’- moist but not damp. The white worm Enchylracus or mutant 
stocks (vestigial or miniature wing) of Drosophila provide adequate food when nocessar 3 '. 
For ease of handling and assurance that the newts are well removed from the water drive 
phase of their natural C 3 'cle, test animals should be between 40 to 80 mm. in total length and 
should weigh in a range from 0.5 to 1.5 gm. 

Operation protocol: Following anaestlietization in 0.5 per cent chloretone animals are 
weighed and measured. Recording of the dorsal spot pattern is convenient for the identifieation 
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Table 1. The wateb dkive besponse of iiypophysectomized efts of 
Dicmiclylus viridcscens to vabious dose levels of a 
HIGHLY PUBIFIED PBOLACTIN (C. H. Ll) f 


Number 

of 

animals 

Average 
weight 
in gm. 

Average 

length 

(mm.) 

Total dose 

% 

Time to 
water in 
hours 

Mg. 

I.U. 

response 

6 

0.823 

32.8 

0.4 

14 

100 

139 +32.03* 

6 

0.795 

35.7 

0.04 

1.4 

100 

123 +27.2i 

G 

0.991 

38.9 

0.004 

0.14 

100 

1G4 +38.G2 

9 

0.712 

31.2 

0.001 

0.035 

22.2 

121 + 7.80 

G 

0.874 

35.1 

0.0005 

0.017 

0 



* Standard deviation. 

t Tlie autlior is indebted to ]4r. C. II. Li of the Hormone Research Lalioratory, University 
of California, wlio supplied the iirolactin used in these tests. 


of individuals. Efts arc placed on a board in a .slight depression padded with cotton soaked in 
Ringers solution and are held in place with rubber bands. Working under a dissecting micro¬ 
scope, the loiver jaw i.s depressed and the pituitary area identified through the epithelium of 
the roof of the mouth. It appears as a small, circular area lying at the base of the triangle 
formed by the diverging row of vomero-palatine teeth. Using a fine blade, microdissection 
knife the mucosa of the region is cut and a square is carefully chipped away in the under¬ 
lying bone revealing the pituitary. The pipette used for the removal of the gland is connected 
to an aspirator and is provided with ji small, lateral hole for the regulation of pressure. When 
the gland has been removed, the chip of bone is replaced. The wound heals rapidly within a 
period of several days. Though it is advisable to check the operation b}' sectioning at the 
termination of the experiment, complete liypophysectomy is usuall.v indicated when the skin 
of the animals becomes rough and dark because of their failure to molt in the absence of 
TSH. Following operations the efts arc subject to infections but reasonably good prophylaxis 
can be obtained by placing the animals in a saline solution of malachite green (1:15,000) 
and potassium dicliromatc (1:200) for several minutes. An occasional bath in Achromycin 
(1:100) is necessitated in some cases. In no case should listless or diseased animals be used 
in tests and animals should be allowed at least two weeks to come to equilibrium following 
hypophysectomy. 

Injection protocol; Test materials (homogenates, clricd preparations, etc.) are pre¬ 
pared in a standard amphibian Ringens and delivered from a 0.25 ml.-capacity tuberculin 
syringe with a 27 gauge Huber point needle. The eft is lield bellj’ up with the hind leg 
of one side held back against the base of the tail. The needle is introduced into the 
ventral surface of this leg and pinshcd forward beneath the skin until it passes into the 
peritoneal cavity just lateral and anterior to the vent. By using the leg to guide and 
stabilize the needle, internal injury is kept to a minimum. Although the dose is varied 
to suit the convenience of the experiment, the volume delivered at each injection should 
be held constant. Experience indicates that a 0.1 ml. injection of a solution delivered 
every other day is most jiractical, although if a single injeetion is contemplated, 0.2 ml. 
can be injected into larger newts. 

Following injections animals arc placed in a container (11X8X4 inches for 8 ani¬ 
mals) provided with an inch high cross partition of Incite which serves to divide the 
chamber into an aquatic and terrestrial area. The latter is provided with clean, aquarium 
pebbles and several pieces of moistened filter paper to provide cover for the animals. 
A positive test for prolactin is indicated when the efts voluntarily enter water and re¬ 
main submerged for at least six hours at a time. Water drive usually occurs from five to 
twelve dai’s following the initial injection. When whole pituitary preparations are ad¬ 
ministered, the animals molt frcqucntl}’' and upon entering water progress through the 
water drive sj’ndrome. Olive pigmentation appears in several weeks, while the keeling 
of the tail is apparent somewhat later. When pure prolactin or preparations with 
high prolactin content are used, water drive alone is elicited. In this case anima s ai 
to molt proper]}', although patches of epithelium slough off after the animals have een 
in water for several days. 
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In order to obtain quantitative estimates of prolactin content, it is at present neccs- 
sar}’ to use a minimum-dose assay technique based on a threshold of 1.4 fig. (0.049 i.u.), 
estimated at causing water drive in 50 per cent of test animals. The red eft test has 
recentlj' been applied with success on elasmobranch, teleost and primate material and 
should prove of value in situations where the standard pigeon crop method proves im¬ 
practical. An example of a typical assay series is given in Table 1.* 

William C. Grant, Jr. 

Department of Biology 
Williams College 
Williamstown, Massachusetts 
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CHROMATOGRAPHIC ARTIFACTS OBTAINED 
WITH SODIUM lODIDE-P^' 

Doctor and Truunell (1) have recently reported experiments on the effect of storage 
of sodium iodide-P” and the action of various reducing agents on the products obtained 
from it during storage. From their results, doubt might be cast on the validity of quanti¬ 
tative aspects of P^‘ metabolism determined in humans or experimental animals since 
only a proportion of the P’‘ appears to be present as iodide. 

It has been observed bj' man}' workers that if carrier-free sodium iodide-P®* is chro¬ 
matographed in various solvent systems, a number of radioactive bands appear on the 
chromatograms. If the same sample of radioactive iodide is chromatographed with a 
small amount of sodium iodide P®®, all the bands except the iodide band disappear. 
This is found whether the radioactive iodide is fresh or stored. It seems therefore that 
the apparent breakdoivn of sodium iodidc-P’‘ is artifactual and probabl}' results from 
the absence of a sufficient number of stable iodide ions to allow it to manifest its usual 
chromatographic mobilities. 

In biological experiments, injection of carrier-free I'®' into the blood stream or tissues 
will be followed by its immediate dilution by the iodide present in the bodj'. Further, it 
will quickl}" come into contact with tissue reducing agents. Lastly it has been shown b}' 
Lcblond and Siie (2) and Murray (3) that o.xidized iodine in the form of iodatc is rapidly 
reduced to iodide in the body and taken up as such by the thyroid gland. For these rea¬ 
sons, it is to be expected that carrier-free P®* will behave as iodide in the body. 

Rosalind Pitt-Rivers, J. Wolff' 

National Institute for Medical Research 
I^Iill Hill, London, England 
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1959 PROGRAM OF THE MEETING OF THE ENDOCRINE 
SOCIETY IN ATLANTIC CITY 

THURSDAY, JUNE 4, 1959 
8:00 A.M. —Registration— 

I. 9:00 a.m.— THYROID 


Carolina Room— Chalfonte 
Chairmen: J. E. Rail and IE. Parson 

1. The Effect of Trypan Blue on Thyroid Function in the Rat. 

Takashi Yamada (Introduced by Monte A. Greer). 

2. The Effect of Excessive Iodide on the Thyroid of the Rat. 

Valerie A. Gallon and Rosalind Pill-Rivers. (Introduced by Sidney Ingbar). 

3. Comparison of in Vivo and in Vitro Tissue Effects of Triiodothyronine. 
Roger L. Grcif. 

4. The Effect of Triiodothyropropionic Acid on Serum Cholesterol and 

Oxygen Consumption in Myxedema and Euthyroidism. 

Roberl D. Leeper (by invitation), Richard S. Benna, Soichi Kumacka (by invitation), 
Jacob L. Brener (by invitation) and Rvlon R'. Rawson. 

5. Respiratory Stimulation in Young Dogfish by Thyroid Hormone. 

Aubrey Gorbman and .■I. ir. Pritchard (by invitation). (Invited paper — 20 minutes.) 

intermission 

6. Idiopathic Familial Elevation of Thyroxine Binding Protein. 

William 11. Bcicrwaltcs. 

7. Metabolism of Thyroxine by Human Tissue Slices. 

Edwin C. Albright and Frank C. Larson (by invitation). 

8. lilETABOLIC ReGUL.ATION OF ORGANIC loDINATIONS IN ThYROID HoMOGENATES. 
George C. Schussler (by invitation) and Siditcy 11. Ingbar. 

9. Protein Iodination in Sheep Thyroid Mitochondrial-Microsomal Prepara¬ 

tions. 

Leslie J. DeGroot and Evelyn Carvalho (introduced by John B. Stanbury). 

10. Perslstent Thyroid Function After Hypopiiysectomy. 

0. 11. Pearson, ^1. G. Pazianos (by invitation), E. Greenberg (by invitation), and 
R. S. Benua. 

11. Effect of Stimulation of the Cervical Sympathetic Nerve on the Thyroidal 

Release of I'='-Labeled Hormones. 

Shiro lino, Kazuo Shizitmc and Shigeo Okinaka (introduced by Monte A. Greer)- 

II. 2:00 P.M.— ADRENAL CORTICAL SYNDROMES—STEROID METABOLISM 

Carolina Room—Chalfonte 
Chairmen: J. McArthur and A. Bongiovanni 

12. 6 Beta Hydroxylation of Cortisol, a Quantitatively Important Pathway of 

Metabolism in the Human Newborn. 

E. Colic (by invitation), R. A. Ulstrom, J. Burley (by invitation) and R. Gunvillc 
(by invitation). 
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13. The UniNAny Excretion of Three C-21 Steroids in the Adrenogenital Syn- 

DROSIE. 

Alfred M. Bongiovanni, Waller R. Eberlein, and J. Darrel Smith (b}’' invitation). 

14. The Renal Handling of 17-Hydroxtcorticosteroids. 

R. 0. Morgan (by invitation), A. J. Blair (by invitation) and J. C. Beck. 

15. The Influence of ACTH and Hypophysectomy on the Steroid Conjugating 

Capacity of the Liver. 

David L. Berliner (b 3 ' invitation), Charles J. Nahors, Jr. and Thomas F. Dougherty. 

16. Direct and Indirect Estimation of Pituitary ACTH Reserves in jMan Follow¬ 

ing Steroid Therapy 

Donald A. Holuh (bj' invitation), Julian 1. Kitay, Andrew G. Frantz (bj' invitation) 
and Joseph IF. Jailer. 

17. ACTH Suppression Tests in Patients with Cushing’s Syndrome. 

Grant W. Liddle. 

intermission 

18. Urinary Steroid Metabolites in Hypophysectomized Women During Adrenal 

Insufficiency and Initial Phases of ACTH Stimulation. , 

Hildegard Wi lson, Mortimer B. Lipsett, and Lillian C. Butler (b}^ invitation). 

19. Suppression of Urinary 17-Ketosteroids in Virilized Women by Estrogen 

Therapy. 

Earjmond C. Mellinger and Richmond W. Smith, Jr. 

20. Transcortin: Characteristics and Levels in Various Conditions. 

Avery A. Sandberg and W. Roy Slaumohite, Jr. 

21. Studies on the Mechanism op Elevation of Plasma II-Hydroxycortico- 

STERoiDs Induced by Estrogen Administration in Man 

Eleanor Z. Wallace and Anne C. Carter. 

22. Endocrine Effects of jMethylenedianiline. 

William W. Tullner. 

23. Salt Losing Hormone in Hyperkalemic Familial Periodic Paralysis. 

R. Klein. 

HI. 2:00 P.M.— PARATHYROIDS: PITUITARY ADRENAL SYSTEM 

Viking Room—Haddon Hall 
Chairmen: G. D. Whedon and D. Nelson 

24. Isolation of Parathyroid Hormone Following Extraction with Phenol. 

G. D. Aurbach. 

25. Purification of Parathormone B by Countercurrent Distribution. 

Howard Rasmussen. 

26. Activation of Parathyroid Hormone by Cysteine. 

Alexander D. Kenny. 

27. Effect of Parathyroid Extract on Bone jMatrix and Seromucoid. 

William P. Deiss and Leila B. Holmes (bj^ invitation). 

28. Further Evidence for a Dual Effect of Par.-ithyroid Hormone. 

John J. Canary (bj^ invitation), H. Allan Bloomer (by invitation), Gabriel G. Carreon 
(bj' invitation) and Laurence H. Kyle. 

29. ACTH Secretion in R.ats with Hypothalamic Lesions. 

A. Brodish. 

intermission 

30. Limbic System Influences on the Pituitary-.\drenal Cortical System. 

John 11 .Mason, Walk J. H. N’atita (bj'inidtation), J^oscp/i V. Brady (bj'invitation), 

and James A. Robinson (bj' invitation). 
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31. Effect of DiENCEPnALic Stimulation on Adrenocortical and Adrenal Medul¬ 

lary Secretion in the Dog. 

William H. Ganong and Alan Goldficn. 

32. Adrenal Cortical and Medullary Responses to Trauma in Dogs with 

Isolated Pituitaries. 

Richard H. Egdahl (introduced by D. M. Hume). 

33. The Early and Late Effects of Hypothalamic Destruction or Removal on 

Pituitary-Adrenal Activity. 

David M. Ihime and Benjamin F. Jackson (by invitation). 

34. Ion-Exchange Chromatography of Pituitary Preparations. 

Andrew F. Schalhj (bj' invitation) and Roger Gxnllemin. 

35. ACTH Releasing Factor Active in the Guinea Pig Test. 

M. Sideman (b}' invitation) and H. Sobcl. 

FRIDAY, JUNE 5, 1959 

8:30 A.M. —Registration— 

IV. 9; 00 A.M.— ANTERIOR PITUITARY 

Carolina Room—Chalfonte 

Chairmen: E. Knobil and F. L. Engel 

36. The Cells of the Human Adenohypophysis in Adrenal Cortical and Thyroid 

Disorders. 

Calvin Ezrin and Ilcidi Swanson (introduced bj' R. P. Farquharson). 

37. A Method for the Quantitative Biological Assay of ACTH in Blood. 

Paid L. Mvnson, Wolfgang Tocpel (b 3 ’ invitation) and Mindcl C. Sheps. 

38. Increase in Sugar Permeability in the Bat Adren.al Produced by ACTH. 

J. Eichhorn, I. D. K. llalkcrslon, M. Fcinstcin, amd 0. Hechter (by invitation). 

39. Contrasting Requirements for the Lipolytic .Action of Corticotropin and 

Epinephrine on Adipose Tissue in Vitro. 

J. Earle White (by invitation), Enrique Lopez (by invitation) and Frank L. Engel. 

40. Evidence for Species Specificity of Human, Beef and Rat ACTH Demon¬ 

strated BY Assay in Vitro. 

Jidian I. Kitaij. Donald A. Ilolub (by invitation) and Joseph IF. Jailer. 

41. A Comparative Ijimunological Investigation of Pituitary Growth Hormone 

FROM Various Species. 

T. Hayashida (bj' invitation) and C. II. Li. 

INTERMISSION 

42. Growth-Stimulating and Other Effects of Human Growth Hormone (Li) in 

A Pituitary Dwarf, 

Roberto F. Escamilla, John J. Hutchings (by invitation), William C. Dcamcr (by 
invitation) and Choh Hao Li. 

43. Endocrine Function in Acromegaly. 

George J. Hamwi and Thomas G. Skillman (bj’’ invitation). 

44. The Influence of Hypophy’sectomi' and Growth Hormone on Oxidation of 

PaLMITATE-I-C*'* BY THE RaT. 

M. J. Franklin (by'' invitation) and E. Knobil. 

45. Unesterifibd Fatty Acid Oxidation Rates in Acromegaly, Myxedema, Hyper¬ 

thyroidism AND Diabetes. 

Josiah Brown and Leslie R. Bennett (by invitation). 

46. Evidence for Direct Action of Growth Hormone (GH) on Red Cell Forma¬ 

tion. 

Albert S. Gordon, Burton S. Dornfest (by invitation) and Anthony Crusco. 
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47. Eactors Involved in Production of Suspensions of Free Cells Derived fboai 

Hypophyses of Rats. 

Griff T. Ross (bj' invitation) and Robert C. Batin. 

1:30 P.M.— ANNUAL BUSINESS MEETING, Carolina Room, Chalfonte 

V. 2 ;30 P.M.— ESTROGENS AND ANDROGENS 

Carolina Room, Chalfonte 
Chairmen: R. Hxtsehy and L. L. Engel 

48. The Isolation and Identification of Estrogens froai Peripheral Blood with 

A Practical Method of Analy'Sis. 

Georg IF. Oerlel (by invitation), Charles D. IFesi, and Kristen B. Eik-Nes. 

49. “Free Estriol” in Blood Plasma. 

Joseph C. Touchstone and John TF. Greene, Jr. (by invitation). 

50. Effect of Chorionic Gonadotropin (HCG) on Conversion of Estradiol to 

Estriol by Perfused Human Placenta. 

Philip Troen. 

51. Physiologic and Biochemical Differences between the Estrogen-Sensitive 

Transhy'drogbnase and Estradiol Dehydrogenase. 

C. A. Villee, D. D. Hagerman (bj' invitation) and J. M. Spencer (by invitation). 

52. The Inhibition of Placental Steroid Mediated Transhydrogenase by 2' 

Adenylic Acid. 

Nina Hollander (by invitation), Joseph D. Brown (b}’^ invitation) and Vincent P. 
Hollander. 

53. Adrenal Estrogens : In Vivo Conversion of Cortisone to Phenolic Estrogens. 

Edward Chang (by invitation) and Thomas L. Dao. 

intermission 

54. Estrogen Synthesis in a Male Patient with a Feminizing Adrenocortical 

Carcinoma and Hypertension. 

C. D. IFesi, L. F. Kumagai (by invitation), E. L. Simons (by invitation) and P. E. 
Wall (b}" invitation). 

55. The Effect of Estrogen on Steroid Levels and Urine. 

IF. L. Harrmann, 1. Schindl (by invitation), and P. K. Bondy. 

56. The Conversion of Progesterone-4-C’'* to 21-Hydroxy'lated Steroids by 

Normal Rat Testis Stimulated with Human Chorionic Gonadotropin. 

Hernan F. Acevedo (bj^ invitation), Oscar V. Dominguez and Leo T. Samuels. 

57. Steroid 21-Hydhoxylase in IMouse Testicular Interstitial Cell Tumors. 

Oscar V. Dominguez, Robert A. Husby and Leo T. Samuels. 

58. Studies of Structure-Function Relationships of Steroids: Anabolic Potency 

OF Some Testosterone Analogs. 

Herbert A. Burke, Jr. (bj’' invitation) and Grant TF. Liddle. 

59. Influence of Androgen on Prostatic Protein Synthesis. 

TFc?/s E. Farnsworth (introduced by Grosvenor W. Bissell). 

VI. 2:30 p.m.—PITUITARY HORMONES—NEUROENDOCRINE MECHANISM 

Viking Room, Haddon Hall 
Chairmen: J. Everett and A. Gorbman 

THOSE REGISTERED FOR THE MEETING OF THE AMERICAN DIABETES 
ASSOCIATION WILL BE ADMITTED TO THIS MEETING 

GO. Lithosperm Inhibition of Blood Pressure Depressor Effect of Oxytocin in 
the Fowl. 
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TF. R. Breneman, Marvin Carmack, Daniel Overack and Richard Shaxv (introduced by 
Aubrey Gorbman). 

61. Plasma and Pituitary LH: Detection and Quantitative Bioassay in the Rat 

Following Gonadectomy. 

Albert Parlow (introduced by R. 0. Greep). 

62. Use op the Red Eft Diamictylus Viridescens in the Assay of Prolactin. 
William C. Grant, Jr. (introduced by Aubrey Gorbman). 

63. Effects of Captivity on Production of Gonadotrophins in Pintail and Black 

Ducks and Response to Exogenous Hormones. 

R. E. Phillips and A. van Tienhoven (introduced by S. L. Leonard). 

64. Ovulation in the Domestic Fowl. 

R. D. Fraps. (Invited paper, 20 minutes). 

intermission 

65. Ovulation After Stimulating the Rat Hypothalamus Late in Diestrus. 

J. TF. Everett, R. L. Riley (by invitation) and C. D. Christian (by invitation). 

66. Development of Permanent Abnormal Cycles of Behavior in Rats After 

Experimental Pituitary Damage. 

Curt P. Richter. 

67. Hypothalamus and Growth. 

5. Reichlin. 

68. TSH “Rebound Phenomenon” in Rats After Goitrogen Withdrawal. 

S. A. D’Angelo. 

69. Pituitary Hormone Production and Release in the Thyroidectomized Rat 

After Thyroxin Administration. 

A. N. Contopoulos, M. E. Simpson (by invitation) and A. A. Koneff (by invitation). 

70. Subcortical Regions of the Primate Brain Regulating Release of Vaso¬ 

pressin from the Nburohypophysis. 

Joseph F. Dingman, Eduardo Gaitan (by invitation), Akira Arimura (by invitation) 
and Robert G. Heath (by invitation). 

VII. ANNUAL DINNER, Haddon HaU Hotel 

E. Perry' iMcCullagli, President, presiding 

6:30 p.M. —Cocktails, The English Lounge 

Sponsored by the donors of tlic Awards of the Society: 

Ciba, Schering, Ayerst, Upjohn and Squibb. Attendance limited to 
holders of dinner tickets. 

7:30 p.M. —Dinner—The Vernon Room 

Presentation of the 1959 Awards of the Society by Charles Kochakian: 

The Fred Conrad Koch Award 

The Ciba Aivard 

Ayerst Fellowship 

Schering Scholar 

Upjohn Scholar 

President’s Address: Dr. McCullagh 

SATURDAY, JUNE 6, 1959 
8:30 A.M. —Registration—Stair Hail, Haddon Hall Hotel 

9 -.00 A.M.— OPENING SCIENTIFIC SESSION OF THE AMERICAN DIABETES 
ASSOCIATION WILL BE HELD AT THE HADDON HALL HOTEL 
IN THE VERNON ROOM. ENDOCRINE SOCIETY BADGE WILL 
ADMIT YOU TO THIS MEETING. 
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Vin. 9:00 A.M.— ADRENAL GLAND 

Carolina Room, Chalfonte 
Chairmen: M. Grumbach and F. C. Bartler 

71. Stimulatory Effect of Aldosterone and Cortisol on the Work of the 

Isolated Rat Heart-Lung. 

Kathyrn W. Ballard (b 3 ' invitation) and George Sayers. 

72. The Hemodynamic Parameter Mediating Increase in Aldosterone Secre¬ 

tion. 

Donald S. Gann (bj^ invitation), Ivor H. Mills (bj' invitation) and Frederic C. Bartler. 

73. Preliminary Characterization of Glomerulotropin. 

Gordon Farrell, Avery D. Pratt, Jr. (bj' invitation), Laxirence S. Harris (b}' invitation) 
and Robert C. Banks (bj" invitation). 

74. Changes in Metabolic Activities of Steroid Hormones Associated m'ith 

Methylation and Hydroxylation in Ring D. 

Maurice M. Pechet, Evelyn L. Carroll (bj' invitation) and Anne P. Forbes. 

75. Effect of Walker Carcinoma on Steroid Diabetes in Rat. 

David J. Ingle (introduced b}' Dwight J. Ingle). 

76. Acute Effects of Adrenalectomy and Hydrocortisone on Glucose Tolerance 

OF Diabetic and Eviscerate Rats. 

0. K. Smith and C. N. H. Long. 


intermission 

77. Influence of Age, Adrenalectomy and Cortisol Administration on the Activ¬ 
ity OF Hepatic Glutamic-Pyruvic Transaminase. 

Homer Harding, Fred Rosen and Charles Nichol (introduced bj' Avery A. Sandberg). 
7S. The Metabolism of 2 C*'* Pyruvate in Normal and Adrenalectomized Rats. 
William IF. Winternitz. 

79. Observations on the Role of the Adrenal Gland in the Metabolic Response 
TO Surgery. 

Maureen Smith, H. A. F. Dudley, J. S. Robson and C. P. Stewart (introduced bj"^ 
Grant W. Liddle). 

SO. Renal-Cardiovascular Pathology in Aging Rats With and Without Ex¬ 
posure TO ACTH and Stressors. 

George F. Wilgram (bj" invitation) and Dwight J. Ingle. 

81. The Effects of Anoxis on Adrenal Cortical and Medullary Secretion in the 

Dog. 

Alan Goldfien and William F. Ganong, 

82. Effect of Adrenalectomy and Cortisone on Rate of Eruption of jMaxillary 

Incisors in Female Rats. 

L. F. Domm, IF. A. Wellband (bj'- inAutation) and J. P. Howard (bj- invitation). 

IX. 2:00 p.m.— INSULIN AND DIABETES 

Carolina Room, Chalfonte 
Chairmen: 5. Fajans and A. Renold 

S3. Differential Resin Binding of Insulin in Sera from insulin Responsive and 
Resist.ant Diabetic Subjects. 

Marvin L. Mitchell and Mary E. O’Rourke (b 3 ' invitation). 

84. Serum Insulin-Like Activity in Patients with Pancre.atic Islet-Cell Tumors 
1 vcs M. Dagcnais (by invitation), Albert E. Renold, Donald B. Martin (by invita¬ 
tion) and Vihna Lauris (b 3 ' invitation). 
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85. Role of Individual Organs in Carbohydrate Metabolism in Intact Normal 

Dogs. 

Dorothy II. Ilenneman, William Shoemaker (by invitation) and William Walker (by 
invitation). 

86. Hepatic Glucose Metabolism in Two Forms of Spontaneous Hyperglycemia. 
Gaston R. Zahnd, Jean Christophe and George Ycrganian (introduced by Albert E. 

Renold). 

87. Carbohydrate Metabolism in Amphibians and Reptiles. 

Malcolm R. Miller (Introduced by Frank L. Engel). (Invited paper, 20 minutes.) 

INTERMISSION 

88. On the Mechanism of the Blood Glucose Lowering Action or Insulin. 

N. AUszular^ A. Dunn (by invitation), R. Steele, D. T. Armstrong (by invitation), 
J. S. Bishop (by invitation) and R. C. de Bodo. 

89. An Insulin Effect on Peptide Synthesis Independent or Glucose or Amino 

Acid Transport. 

Ira G. Wool and M. E. Krahl (by invitation). 

90. Comparison of Epinephrine and Insulin on Adipose Tissue Metabolism. 

George F. Cahill, Jr., Bernard Leboeuf (liy invitation), and Robert Flinn (by invi¬ 
tation). 

91. The Action of Insulin, Tolbutamide and Hypoglycin A on the Adipose Tissue 

of Rats. 

Thomas C. Smith, Lena Will (iiy invitation), and Ira Ringlcr. 

92. Relation or Insulinogenesis to Pancreatic B Cell Acid and Glucose-C- 

PlIOSPIIATASE. 

Sydney S. Lazarus (introduced by Bruno W. Volk). 

93. Effect or Glucagon on Hepatic Blood Flow and Metabolism in Unanesthe- 

TiEED Dog. 

IF. C. Shoemaker and T. B. Van Itallia (introduced by Jay J. Gold). 

TO BE READ BY TITLE 

See Abstracts 94-170 
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EFFECTS OF ADRENAL CORTICAL STEROIDS 
ON CALCIUM METABOLISM 

IRWIN CLARK,1 RAYMOND F. GEOFFROY 
AND WILLIAM BOWERS 

Merck Institute for Therapeutic Research, Rahway, New Jersey 
ABSTRACT 

Radioactive calcium (Ca-*®) was used to investigate the effects of h}'dro- 
cortisone and prednisolone on calcium metabolism in the rat. It was found that 
the absorption of Ca^® b}" the intestines was unimpaired bj' the administration 
of hydrocortisone. The administration of hj'drocortisone or prednisolone to 
rats recentl}’ injected with Ca'*® resulted in an increased urinary radiocalcium. 

This increase varied with the dosage, potencj', and persistenee of the steroid in 
the body. The uptake of Ca'*® bj' the femurs of both normal and nephreetomized 
rats was inhibited b 3 'the administration of hj-drocortisone. Inanition resulted in 
a verj" slight inhibition of Ca'*® uptake by bone. Hydrocortisone e.verted no ob¬ 
servable mobilization on total bone calcium. 

I T HAS been recognized for many years that the adrenal cortical hor¬ 
mones have an effect upon calcium metabolism. It is now generally^ 
accepted that the osteoporosis seen in Cushing’s syndrome is the result of 
excess endogenous adrenal cortical secretion (1, 2). With the advent of the 
sj’iithetic adrenal steroids, there was no reason to expect that their effects 
on calcium metabolism would be different from those of the hormones of 
endogenous origin. Indeed, hypei'calciuria, spontaneous fractures and 
osteoporosis have been frequentlj’ observed after long-term glucocorticoid 
therap}' (3-10). The administration of adrenal glucocorticoids to rats also 
results in hypercalciuria, the magnitude of which is dependent upon the 
dosage and potenc}- of the steroid (11). However, fractures as a result of 
steroid treatment have been observed onh' in man. In the experiments to 
be reported, radioactive calcium was used in attempts to clarify the mode 
of action of the glucocorticoids upon calcium metabolism in the rat. 

Received June IS, 195S. 

’ Present .iddress: Departments of Orthopedic Surgerv and Bioclicmistr.v, College of 
Physicians and Surgeons, Columbia Universitj', X. Y., X. Y. 
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MATERIALS AND METHODS 

General 

Albino male rats of the Holtzman strain weighing between 160 and 250 gm. were used 
in all experiments. The rats were fed Purina chow or a calcium-free diet (12). In the three 
experiments in which urines were collected for only 24 hours, the rats were fasted but 10?^ 
glucose was added to their drinking water (distilled) as a source of calorics and to insure 
adequate urine volumes. Anal 3 'scs were carried out on individual urines although the 
data are expressed as the averages of the individual urines. The radioactive calcium 
was given intraperitoncally except in the experiment where the intestinal absorption of 
Ca'*' was measured. Radioactivity measurements were determined on suitable aliquots 
of urine and on the ashed fecal matter or bone after the ash was dissolved in IN HNO3. 
The aliquots were plated out in stainless steel planchets, air-dried (overnight) and then 
further dried in an oven at 80° C, for twenty-four hours. All samidcs were counted in a 
flow-gas counter for a sufficient length of time to insure a statistical accuracy of 1%. 
The usual corrections for background, self-absorption and radioactive decay were made. 

The steroids wore suspended in Merck’s Aqueous Vehicle #1 and were administered 
orally, intraperitoncally or subcutaneously. AH control rats received the same volume 
of Aqueous Vehicle #1 as the steroid treated animals. AVhenever the steroids were ad¬ 
ministered for a week or more, subcutaneous inicctions of penicillin and streptomycin 
were given to each rat (control and treated) three times weekly to prevent infection. 

Total urinary and bone calcium determinations were made with a AVechselbaum- 
Varney flame photometer (13). 

Three typos of control rats were used: 

(1) AdUbitiaii feeding controls. 

(2) Pair-fed controls i.e., these rats received exactly the same amount of food as did 
their ad lihilum feeding mates which received hydrocortisone.' 

(3) Pair-weighed controls i.e., the food intakes of the.se rats were adjusted daily in 
order that their final body weights would be equal to those of the treated rats. 

An analysis of variance was ))crformcd on the data of each experiment. 

Specific 

In the experiment in which the absorption of orallj’ administered Ca^^ was determined, 
the steroid treated rats received 2 mg. of hj'drocortisono/100 gm. body weight for 7 
days. During this time thej’ wore on a calcium-free diet (12). Twentj'-four hours before 
being sacrificed, each rat received per os 6 pc of Ca*^ and 1.4 mg. of calcium lactate/IOO 
gm. bod}’ weight and urine collections were begun. 

In another experiment the effect on urinaiy radiocalcium of a single oral dose of 
steroid was compared with that following a single intraperitoneal injection. Forty-eight 
hours prior to steroid administration each animal received 10 pc. of Ca'’Vl00 Urine 
collections were begun immediately following treatment with the steroid. 

In the experiment comparing the effects of oral and subcutaneous treatment with 
hydrocortisone on urinary radiocalcium, the rats received 50 pc. of Ca'VIOO 
weight subeutaneouslj’ 53 da 3 'S before urine collections were begun. Five da 3 's before 
steroid treatment, half of the rats were placed on a calcium-free diet, and were kept on 
this diet throughout the experimental period of 8 days. All rats received 15 gm. of food 
during the period of urine collections. 

In the experiment in which the effect of calcium restriction and hydrocortisoiw upon 
bone resorption was studied, the rats received 100 pc. of Ca'^VlOO gm. bod}' weight, 53 

2 Ca« n.is used as the calcium chloride salt received on allocation from the Atomic 
Energy Commission. 
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Table 1. The effect of pretreatment with hydrocortisone and food 

RESTRICTION UPON THE EXCRETION OF A SINGLE DOSE OF RADIOCALCIUM 


Treatment 

Hydrocortisone 

Pair-weighed 

controls 

Ad libitum 
controls 


% of injected radiocalcium 

excreted 

Urine 

3.6** 

0.59 

0.66 

Feces and Gastrointestinal Tract 

31.5 

34.5 

26.9 


** Significantly different from both groups of controls (P<.01). 


days before collecting urines. Eleven days before steroid treatment, the stock diet was 
replaced by a calcium free diet (12). In all, the rats were maintained on this calcium- 
free diet for 23 days, the last twelve days being the urinary collection period. The period 
of pretreatment on a calcium free diet was twice as long as in the previous experiment. 

In the experiment in which the effects of h 3 -drocortisone on intact and nephrectomized 
rats were compared, the treated animals received 1 mg. of h 3 -drocortisone /100 gm. body' 
weight subcutaneously daily for three weeks. Bilateral nephrectomies were carried out 
via the abdominal route. Twent 3 '-four hours before being sacirficed, eaeh rat received 3 
pc. of Ca''V100 gm. body^ weight. 


RESULTS 

The effect of pretreatment with hydrocortisone on the absorption and excretion 
of an oral dose of radioacalcium 

It can be seen from the data (Table 1) that the urinary excretion of 
radiocalcium by the hj’drocortisone treated rats is about 5 times greater 
than that of either group of control rats (P<.01). There was no signifi¬ 
cant difference in combined intestinal content and fecal excretion of radio¬ 
calcium between the three groups. 

Comparison between the effects of a single oral and intraperitoneal injection 
of hydrocortisone and prednisolone on urinary radiocalcium forty-eight hours 
after the administration of Ca"^^ 

As can be seen from Table 2, the administration of both steroids resulted 
in an increase in radiocalcium excretion above the control values during 
the first S hours, especially^ after oral administration as compared to intra- 


T.able 2. The effects of an oral and intraperitoneal injection of 
hydrocortisone and prednisolone on urinary radiocalcium 


Treatment 

No. of 
animals 


Oral 

i.p. 

Oral 

Hours 

0-S 

0-8 

8-24 

8-24 

Controls* 

0 



mSSM 

— 

Hydrocortisone—2 mc./lOO em. 

6 

137 

253** 



Prednisolone—0.5 mg./lOO gm. 

6 

130 


mM 

■■ 


Ibuliocalpiuni w.as given 4S hours before urine colleetious were begun. 

* The control count values were arbitrarily set at 100 for ease in comparison of the data. 
** Significantly different from the control values (P<.01). 




















852 CLARK, GEOFFROY AND BOWERS Volume G4 

peritoneal injection. However, the excretion of Ca'*® was comparable to the 
controls during the S- to 24-hour period. Although prednisolone was given 
in 1/4 the dosage of h.ydrocortisone, it evoked about the same response. 

The effect of hydrocortisone on urinary and Ca‘‘“ of rats which had re¬ 
ceived Ca'^^ fifty-three days before steroid treatment 

Singer and Armstrong have shown that about 53 days after the ad¬ 
ministration of radiocalcium to rats, the urinary excretion of the isotope 
represents a small uniform fraction of the administered dose (14). Any in¬ 
crease in urinary radiocalcium alcove the control values must be derived 


Table 3. The effect of iiYnnoconTisoNE on the uniNAnv exchetion of Ca^® and 0’“ of 
RATS KEPT ON STOCK OR CALCrUM-FREE DIET, FIFTY-THREE DAYS AFTER 
THE AD.MINl.STRATION OF THE ISOTOPE 


Weight cliange 

Stock diet 

Cnlcuiin-frce diet 

Control 
—20 gm. 

Hydrocortisone 

1 (s'.c.) —79 gm. 

1 

IlydrocortU ! 
sonc (oral) | 
-31 gm. 

1 

Control 1 
—48 gin. 1 

1 

, 

Hydrocortisone ■ 
(s.c.) —99 gm. 

Hydrocorti¬ 
sone (oral) 
—79 gm. 

No. of Rats 

4 

4 


! 

' 1 


4 

4 



Tolnt count 


1 

1 

Tolnl counla excreted ' 


Urinnrv Ca” 



P vnlitfs 




P values 


1 & 2 days 

.37,000 

18,000 

<.05 

42,000 

24,000 

20,000 

N.S. 

27,000 

3 & 4 days 

50,000 

24.000 

<.01 

44,000 

33,000 

24,000 

N.S. 

25,000 

5 & G day.s 

70,000 

02,000 

N.S. 

73,000 

43,000 

134,000 

<.05 

36,000 

7 & 8 days 

1 52,000 

75,000 

N.S. 

40,000 

38,000 

145,000 

<.01 

34,000 

Sum 0-5 


209,000 


205,000 




122,000 

Urinary Ca«’ 


rnff. 

P ralues 

"Iff. 1 

mg. 

mg. 

P mines 

mg. 

1 & 2 days 


5.5 

N.S. 


3.0 

3.9 

N.S. 


3 & 4 days j 


0.1 

N.S. 


3.1 

3.0 

N.S. 


5 & 6 days 1 


10.4 

<■05 


4.4 

0.3 

<.05 


7 & 8 days j 

4.9 

8.9 

<.05 


3.8 

0.6 

<.01 


Sum 0-8 j 

21.7 j 

30.9 

<•01 

21.8 ! 

14.3 

20.3 

<■05 

15.2 


The rata received Ca“ 53 days before treatment was bCRun. 


from tlie labeled calcium in bone, since this site is tlie body’s pi-incipal reser¬ 
voir of calcium. 

After subcutaneous administration of hydrocortisone (Table 3), the 
usual delay or depression of urinary radiocalcium was observed for the 
first four days (11). This depression of urinary radiocalcium was significant 
in the rats maintained on a stock diet (P <.05 and P <.01) whereas, in the 
rats maintained on a calcium-free diet, no differences were observed. Be¬ 
ginning at day 5, and continuing through day S, a significant increase in 
total calcium*'’ was observed in all rats which received the steroid subcu¬ 
taneously. A statistically significant increase in urinary Ca-*® was observed 
only in those rats which were kept on a calcium-free diet. Those on stock 
diet tended to have increased urinary Ca'*® but the results Avere not signifi¬ 
cant. 

The oral administration of hydrocortisone to rats on either stock or cal¬ 
cium-free diet, had no significant effect upon Ca"*^ or total calcium excre¬ 
tion. 

The greater effectiA^eness of the subcutaneous route as compared to the 
























June, 1959 CALCIUjNI jMETABOLISM AND GLUCOCORTICOIDS 


S53 


oral is also evident bj^ the greater weight loss, despite the fact that all ani¬ 
mals consumed the same amount of food. 

The effect of calchmi restriction and hydrocortisone upon hone Ca^'^ 

Here too, the isotope was administered 53 days before the steroid treat¬ 
ment was inaugurated. Thus, any increase in urinary radiocalcium again 
must be derived from bone. 

There was no increase in urinar 3 ’- radiocalcium until daj' 5. From daj* 5 
through daj"^ 12, there was a significant increase in urinary radiocalcium 
(P<.01) (Table 4). 


Table 4. The effect of hydrocortisone upon urinary excretion 
OF AND Ca“ OF rats kept on a CALCIUiM-FREE diet 


Body iveight change, 
Gm. 

Controls 

+40 

Hj-drocortisone 

2 mg./lOO gm. 

-50 

P Values 


Counis excreted 


Urinary Ca'*® 




1 through 4 davs 

35,000 

34,000 

N.S. 

5 through S daj’s 

27,000 

47,000 

<.01 

9 through 12 days 

27,000 

63,000 

<.01 

Sum 0-12 

89,000 

144,000 

<.01 

Urinary Ca^®, mg. 




1 through 4 days 

5.0 

4.7 


5 through 8 da 3 's 

5.0 

5.0 


9 through 12 days 

5.1 

5.4 


Sum 0-12 

15.6 

15 1 



The rats received Ca“ 53 days before urine collections. 


In this experiment the rats received the calcium-free diet for 11 da 3 "S 
rather than 5 da 3 ’S before urine collections were started. As a result of this 
longer pretreatment with a calcium-free diet, there was no difference in the 
total calcium excretion between the steroid treated rats and their controls 
despite the disparit 3 '- in weight change. 

Comparative effects of food restriction and hydrocortisone treatment upon the 
uptake and excretion of radiocalcium in normal and nephrcctomized rats 

The serum radioactivities, urinary radioactivities, and femur specific ac¬ 
tivities of the h 3 'drocortisone treated intact rats were significantl 3 ' different 
(P <.01) from those of either group of controls (Table 5). There was no dif¬ 
ference between the pair-weighed controls and ad libitum feeding controls 
in the excretion of radioactive calcium, despite a difference in weight gain 
of 57 gm. 

There were significant differences in serum radioactivities and femur 
specific activities between the nephrectomized ad libitum feeding controls 
and the nephrectomized h 3 "drocortisone treated rats. These differences 
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were of the same order as those seen in the intact rats. Tlie serum ac¬ 
tivities of the neplirectomized pair-weighed controls were no dilferezjt from 
those of the nephrectomized steroid treated rats. However, there were dif¬ 
ferences in the specific activities of tlie femurs (P <.05). 

DISCUSSION 

If liydrocortisono intej-feres witli tlie inte,stinal absorption of calcium in 
the rat, one would expect to find after a single oral dose of Ca‘'^ more Ca‘’“ 
in the gastrointestinal tract and feces and less in the urines of the steroid 
treated rats than in the control animals. However, this is not the case 
(Table 1) where about 5 times more isotope is found in the urines of the 


Table 6 . 'J’nn ekkect ok UYnnoconTisnxE on the uptake of radiocalctum 

nr THE FEMURS OF INTACT AND NEFHRECTOMIZEI) RATS 




Body \\T. 

Serum 

activity, 

c./min./ 

ml. 

Urine activitv, 

Bone 

1 specific 

Trent ment 

i 

1 

No. of r:ils 

change, 

gm. 

1 

e/24 hr. 
sample 

c./min./ 

mg. 

C.a 


Iiit.ict anim.'Us 


llyilroeortisono 1 mg./100 gm. 

1 s 

-P 24 

t 7800 

1.53X105 

1100 

Pair-weighed controls 

s 

-P SO 

1 5030** 

0.51X10®** 

15G0** 

Ad liln'Iinn feeding eontrols 

8 

-P S7*» 

1 6105** 

0.47X10®** 

1720** 

Nepiirec.t omized nni mals 

Ilvdrocorti.sonc 1 mg./lOO gm. 

S 

+ 

7205 



Pair-weighed eontrols 

8 

-P 30 I 

7085 



Ad libitum feeding eontrol.s 

» 

-PDO** 

5500** 




The rats received Ca^* (\ven(y-four Jiours heforo being .sacrificed. 

* Significantly difTcrent from hydrocortisone treatment. (P<.05). 
** Significant!}' diiterent from liydrocortisone treatment (P<.01). 


hj'^drocortisone treated rats, and no increase is seen in the gastrointestinal 
tract and feces. It appears that adequate absorption of calcium takes place 
but that there is an inhibition of the utilizat.ion of Ca"*-’ which is reflected 
by the greater amount of isotope appearing in tlie 24-hour urines of the 
treated rats. 

It has been reported that the administration of the adrenal cortical stei- 
oids to rats invariabl}'' caused an increase in urinary radiocalcium, when 
the isotope was administered .shortly before the steroid (11). Forty-eight 
hours after the injection of Ca'^’, the level of circulating isotope was high 
and the isotope was still being incorporated into bone (14). If if is 
vented from doing so, it will be excreted and presumably this is what oc¬ 
curred here (Table 2). Further evidence for the decreased utilization o 
Ca‘‘® under the influence of hydrocortisone may be found in the expeiiment 
using nephrectomized rats (Table 5). Although the serum radioactivit} 
levels are significantly higher in the hinlrocortisone treated rats, (hot i in 
tact and nephrectomized) the specific activities of the bones aie signi 
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cantlj' less, indicating less incorporation of isotope. IMoreoA'er, the steroid 
treated rats excreted much more Ca‘’“ in their urine. In the intact rat, the 
possibility does exist that the decreased uptake of Ca'*® Iry bone may be the 
result of the increased urinarj' Ca'*^, however, this is not possible in the rats 
Avhich had their kidneys removed. 

Prednisolone, although administered at one quarter the dose level of 
hydrocortisone, has an equal effect upon urinaiy radiocalcium (Table 2). 
Clinical^q prednisolone is about 4 times more actiA'^e than h 3 'drocortisone 
(15). PresumabljL the more potent is the steroid in inhibiting bone forma¬ 
tion, the greater aaoU be its influence in preA^enting calcium utilization. 

It has been shoAA-n that the duration of adrenal cortical steroid action 
depends on the route of administration (18). After dailj" subcutaneous in¬ 
jections, there Avas a sIoav continued release of the relatiA^elj" insoluble ster¬ 
oids enabling them to continue their metabolic effects throughout the ex¬ 
perimental period. HoAA’eA''er, after oral or intraperitoneal administration, 
there is a rapid disappearance of the steroid and its effects. Thus, the in¬ 
creased urinaiy Ca^® obserA^ed after oral or intraperitoneal injections at S 
hours is no longer evident at the end of 24 hours (Table 2). EA'^en after S 
da 3 'S of oral administration of h 3 'drocortisone, there is no obseiwable effect 
on radiocalcium excretion, indicating the rapidit3' Avith Avhich the actiAuty 
of the steroid disappears in the rat (Table 3). However, a significant in¬ 
crease is seen after subcutaneous administration (Table 3). This increase 
in urinaiy radiocalcium can onl 3 ’’ come from the bone since the animals re- 
ceiA’^ed the isotope 53 da 3 ^s before. Although there appears to be an increase 
in Ca'*® excretion on a calcium-free diet after subcutaneous administration 
of the steroid (Table 3), this does not occur if the animals are kept for a 
longer period of pretreatment on a calcium-free diet (Table 4). In this ex¬ 
periment, the rats Avere kept on a calcium-free diet for 11 days before being 
treated. Ea^cu after 12 da 3 "S treatment with iD’drocortisone at a leA^el of 2 
mg./lOO gm. bod 3 '^ AA-eight subcutaneous^', there is no increase in Ca''° ex¬ 
cretion. Ii-Aung (19), has pointed out the importance of careful dietaiy pre¬ 
conditioning before patients can be used for calcium excretion studies. 
However, there is a striking increase in Ca^^ excretion beginning at day 5 
and continuing through day 8. This 4-day delay in the increased urinary 
Ca'*^ ma 3 " be explained b 3 " assuming this is the time necessaiy for the nor¬ 
mal resorptiAm processes in the bones to reach tiie site of tlie deeper areas 
of calcification AA'hich Avere formed 53 da 3 ’s earlier (20). The increased uri¬ 
naiy radiocalcum must be deriAmd from the Ca^^ liberated Iia- the normal 
resorptiA^e or remodelling processes, HoAA'eA'er, under the influence of the 
steroid it is not re-utilized as efficiently and hence is excreted in the urine. 
If bone destruction had occurred, one Avould expect an increase in the total 
Ca-’'’ in the urines of the treated animals. Since there is no detectable in¬ 
crease in total urinaiy calcium OA-er that of the controls, the possibility 
that In’drocortisone mobilizes calcium from bone seems unlikeh’. 

Assuming the calcium content of the skeleton to be 1% of the bodA' 
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weight, a 300 gm. rat Avould contain about 3 gm. of calcium. Taking 
the usual figure of about 30% skeletal calcium loss before osteoporosis 
can be recognized in man, a loss of 900 mg. avouIcI be required before 
osteoporosis AAmuld become manifest in the rat. Since the hydrocorti¬ 
sone treated rats lose only about 10 mg. Ca'’" more than the controls in 8 
days (Table 3), and approximately the same amount more Ada the feces 
(unpublished) this Avould require about 360 days for these rats treated 
AAdth 2 mg. of hydrocortisone daily to lose 900 mg. of calcium. It is possible 
that this may be part of the reason AA'hy the typical pathologic picture of 
osteoporosis has not been observed in the rat (16, 21) after steroid treat¬ 
ment, since to the best of our knoAA'ledge, rats have not been kept on the 
adrenal steroids for this length of time. 

The exact mechanism AAdiereby the adrenal cortical hormones inhibit cal¬ 
cium from being used for ncAv bone .S 3 mthesis is at present unknoAvn. Al¬ 
bright (2) has hypothesized that the primary effect of adrenal cortical ac¬ 
tion on bone is to inhilut the synthesis of bone protein. It has been shoAvn 
that the steroids do interfere Avith the synthesis of neAv protein (17). Per¬ 
haps the limiting factor may be in the synthesis of chondroitin sulfate 
Avhich is not made as reaclil}- AAdien steroids are administered (22). The 
primary site of adrenal cortical steroid action on bone still remains to be 
elucidated. 
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QUANTITATI^rE IN VITRO RESPONSE OF THYROID 
TISSUE TO THYROTROPIC HORMONE^ 

KATHLEEN T. HART, DEA DRUET and ROBERT E. MACK 

Radioisotope Laboratory, St. Louis V. -4. Hospital, and the Department of Medicine, 
St. Loxiis University, School of Medicine, St. Louis, Missouri 

ABSTRACT 

In vitro uptake of iodine bj' beef thj'roid minces was measured and found to 
be proportional to th 3 ^rotropic hormone content of the incubation medium. 

Such a response to TSH was not elicited from thj'roid tissue in the form of 
homogenates. After two hours incubation in 4.0 ml. of Krebs-Ringer-phosphate 
buffer containing 10 to 20 pc. Nal“^, 800 mg. of minced beef thjToid displaj-ed 
a mean iodine uptake of 22.6% (12.0 to 35.9) in the absence of added thj-rotro- 
pic hormone. In medium containing 10 m.tr./ml. of thj-rotropin, mean uptake 
was 40.2% (22.0 to 69.3). When thj'rotropic hormone concentration expressed 
in logarithms was plotted against % uptake there was a rectilinear response 
between 1 and approximate^ 10 m.xj./ml. of TSH. The regression coefficient, 
determined by the responsiveness of the gland, was different for each mince. 
Analj'sis of variance of the regression lines indicated a very significant relation 
between dose and response. In this incubation medium iodine uptake was de¬ 
pressed by 6X10"^ M KI. Thyro.xine at 4X10~® M influenced neither initial 
iodine uptake nor response to th 3 Totropic hormone. Uniformit 3 ’ of response of 
th 3 'roid minces and the magnitude of alterations in iodine uptake induced b 3 ' 

TSH suggest the applicabilit 3 ' of these techniques for in vitro estimation of 
thyrotropic hormone. 

T hyroid tissue has the unique abilit}"^ to concentrate iodide conA'^ert- 
ing it into iodine-containing organic compounds. The chemical reac¬ 
tions associated with such changes are dependent on seA^eral factors. Some 
are humoral and others are confined to the thyroid itself. A normally func¬ 
tioning gland is stimulated by thyrotropic hormone to take up iodide and 
to discharge the iodine-containing hormones into circulation. Chemical 
changes taking place during S3mthesis of these hormones have been in¬ 
vestigated AAuth labeled iodide under both in vivo and in vitro conditions. 
A comparison of the compounds formed indicates that the reactions oc¬ 
curring in thju'oid tissue are determined bj^ viabilit 3 q and in the case of 
th 3 Toids studied under in vitro conditions b 3 '^ the degree of subdiAusion of 
tissue. 

Although there is a difference in the compounds formed, it has been 
found that under both in vivo and in vitro conditions th 3 Totropic hormone 
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increases utilization of Botkin et aJ. (1) examined thyroid glands re¬ 
moved from rats after administration of NaP^* and reported that the radio¬ 
iodine content was related to previous exposure to thyrotropic hormone. 
Roche et al. (2) demonstrated that thyroid glands of rats cultured in vitro 
were stimulated by the anterior pituitary to synthesize iodothyronines. 
Effects of thyrotropic hormone on collection and release of iodide from beef 
thyroid glands were studied by Bakke and Lawrence (3). Bottari (4) re¬ 
ported that poi-tions of thyroid incubated in vitro with thyrotropic hor¬ 
mone exhibited a degree of utilization of proportional to the concentra¬ 
tion of tropic liormone. 

A single gland is not necessarily homogenous with respect to distribution 
of iodine-concentrating ability. A non-uniform binding of iodine in the 
whole gland has been indicated by Joftes and Warren (5) who found that 
in hamster thyroid more radioiodinc was concentrated in the central 
follicles than tliosc on the periphery. For accurate in vitro measurement of 
the response of thyroid tissue to thyrotropic hormone it was desirable to 
reduce tissue variability to a minimum. Therefore, in the study presented 
here several glands were employed and they were minced together to 
further reduce variability. The minces were incubated with in media 
supplemented with various amounts of thyrotropic hormone and uptake of 
radioiodine was measured. 


METHODS 

Beef thyroid gliuids removed from animals within 30 minutes after death were 
brought to tlic lal)oratory in ice cold bulTcr. Tlic bulTer used in all experiments was 
Kvebs-Ringer-phosphate pH 7.4 in wbiclr the .11 M CaCh solution was replaced by an 
equal volume of 0.9% NaCl, For all manipulations ice cold solutions were employed. 
After the glands were freed of extraneous tissue they were minced with scissors and 
suspended in bulTer. Following this washing, 800 mg. portions of the minced thyroid 
were weighed into 25 ml. Erlenmcyer flasks. To tlicse were added buffer containing thy¬ 
rotropic hormone at the level of 0 to 100 m.u.V'iih; 10 to 20 pc. of NaP®' and any 
other reagent which was to be examined for its influence on uptake. The final volume 
was adjusted to 4.0 ml. with bulTcr, These flasks were incubated in the Dubnoff shaker 
at 37° C for two hours in an atmosphere of 95% 02-5% CO 2 . At the end of this period 
the tis.sue was immediately processed for measurement of radioactivity. The incubation 
mixture was transh'rrcd to a test tube with care to remove all tissue. The suspension 
was centrifuged for 20 min. at 2950 r.p.m, and the supernatant decanted, lissue was 
resuspended in 5 ml. of bulTcr and centrifuged as previously. The washing was repeated 
twice. These mani])ulations were conducted at room temperature and required 21 to 3 
hours. Radioactivity was determined utilizing a probe type scintillation counter at a 
fixed distance from tissue. A solution of P’' equal to that added to the incubation 
medium was also counted and from these values the % uptake of iodine was calcidatcd. 

RESULTS 

Increased amounts of radioactivit}'' were taken up b}' thyroid minces fol- 

“ m.u.--An abbreviation for milliunit, one-thousandth of a U.S.P. unit of coninier- 
cially available thyrotropic hormone. 
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Fig. 1. In vitro I”* uptake of beef thj-roid minces incubated in 0-100 m.u./ml. 
of thyrotropic hormone (TSH expressed as m.u./ml.) 

lowing their incubation with TSH and The degree of uptake elevation 
was determined by the thyrotropic hormone content of the medium. Re¬ 
sponses of typical thyroid minces to TSH at levels of 0 to 100 m.u./ml. are 
illustrated in Figure 1. Here it can be seen that iodine uptake increased in 
the presence of the tropic hormone until tissue radioactivity approached a 
maximum. This relation between dose and response may be shown as a 
sigmoid curve if % uptake is plotted against TSH expressed in logarithms 
(Fig. 2). From inspection of each curve the linear portion can be deter¬ 
mined. In over S0% of a group of 60 minces response was linear from 1 to 
8 or 10 m.u./ml. of TSH (Fig. 3). These are typical lines and show the 
effect on different thyroid minces of increasing concentrations of TSH. 
Regression coefficients of the minces which were studied ranged from 5.6 
to 33.7. Application of the t test to iodine uptake at 0 and 1 m.u./ml. indi- 



Fig. 2. In vitro P’* uptake of beef 
thyroid minces incubated in 0-100 m.u./ml. 
of thyrotropic hormone (TSH expressed 
as logarithm of m.u./ml.) 
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cated that it was possible to detect thyrotropic hormone at the level of 
1 m.u./ml. (P <.001 to .005) in the incubation medium. 

Average uptakes of radioiodine of a group of 60 minces are summarized 
in Table 1. Iodine uptake rose from 22.6+5.3% in the absence of added 
hormone to 47.4 + 7.8% when the medium contained 100 m.u./ml. of 
tropic hormone. Composite uptake data are plotted in Figure 4. There was 



THYROTROPIC HORMONE 
MU./ML.(LOG) 


Fig. 3. In vitro uptake of three dif¬ 
ferent thyroid minces incubated in 0-10 
m.u./ml. of thyrotropic hormone (TSH ex¬ 
pressed as logarithm of m.u./ml.) 


a linear relation of dose and response between 1 and 8 m.u./ml. of thyro¬ 
tropic hormone. An analysis of variance of the line indicated a P of .008 
for the line, a figure wdiich resulted from the variations in different glands. 
Such tissue differences were lacking when a single mince was employed. 
Homogeneit}" of a mince was reflected in a comparison of standard devia¬ 
tions in uptake of many minces with the deviation of duplicate samples of 
the same mince. Two to six samples of a single mince containing equal 
concentrations of tropic hormone were employed over the range 0 to 100 
m.u./ml. and the standard deviation in uptake at every level of TSH for 
each mince n as calculated. The average deviation of 20 such sets of figures 
at each tiopic hormone level is found in Table 2. Also included are the 
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Table 1. Effect of thyrotropic hormoxe ox iodixe uptake 
OF thyroid minces 




% uptake I'^‘ 


Range 

Mean ±std. dev. 

0 

12.0-35.9 

22.6+ 5.33 

1 

11.7-33.4 

24.6+ 5.18 

2 

14.8-39.3 

27.3± 6.30 

4 

19.6-49.9 

31.1+ 7.99 

6 

20.7-56.7 

35.3+ 9.00 

S 

22.6-52.4 

37.1+ 8.38 

10 

22.0-69.3 

40.2 + 12.09 

20 

25.8-69.0 

43.3±11.82 

50 

33.9-68.0 

46.0+ 8.81 

100 

38.0-67.2 

47.4+ 7.82 


standard deviations which resulted when uptake of 60 different minces 
were compared. The latter figures are five to six times as great as devia¬ 
tions of individual minces. Uniformity in uptake of duplicate samples gave 
indication of homogeneity of a mince. Because a single mince gave uniform 
response and each mince differed from the next with respect to both initial 
iodine uptake and response to thyrotropic hormone, a separate regression 
line was applied to each mince. An analj'-sis of variance of such lines has 
indicated a P <.001 for the regression line, a figure which indicates a sig¬ 
nificant dose-response relation. 

To account for the entry of measured ultimately in thiToid minces, 
determination was made of the total uptake as opposed to the which 
entered tissue during the washing period. For this study thyroid minces 
were incubated in the presence of different concentrations of thyrotropic 
hormone Irut without The latter was added at the end of the incuba¬ 
tion period and the tissue washed bj'^ the usual procedure. Aliquots of incu¬ 
bation fluid and the three wash solutions as well as the tissue itself were 
examined for radioactivit 3 ^ As seen in Table 3, four such studies indicated 


Fig. 4. Composite line representing in 
vitro iodine uptake of 60 different beef < 
thyroid minces incubated in 0-100 mu./ml. % 
of thyrotropic hormone (TSH expressed ^ 
as logarithm of m.Ti./ml.) 8 
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Table 2. Deviations in iodine uptake of tiiyboid minces 


Volume 6^ 


TSH cone, m.u./ml. 


% stiindavd deviation 

Pooled minces Av. of CO different minces 


0 

0.85 

5.33 

1 

1.07 

5.18 

2 

1.21 

6.30 

4 

1.53 

7.99 

6 

1.80 

9.00 

8 

1.96 

8.38 

10 

1.94 

12.09 

20 

2.02 

11.82 

50 

1.62 

8.81 

100 

1 -.32 

7.82 


that with increasing concentrations of TSH slightl}^ greater amounts of 
radioactivity entered tissue. Iodine taken up may be bound to protein or 
remain in the form of iodide. The trichloroacetic acid precipitable in 
tissue and the combined incubation fluid and wash solutions was deter¬ 
mined. Each 800 mg. of tissue was homogenized in buffer in an ice cooled 
Waring blendor. The suspension, 20 ml., was treated with 6.0 ml. of 40% 
trichloroacetic acid and the precipitate washed twice with 8.0 ml. of 5% 
trichloroacetic acid. The incubation fluid combined with solutions removed 
after washing the ti.s.sue (total volume approximate!}" 20 ml.) was treated 
with trichloroacetic acid in the same manner. Radioactivity of the pre¬ 
cipitates and aliquots of supernates was measured. As seen on Table 4 ap¬ 
proximately 3% of the radioiodide added at the beginning of the washing 
period was precipitated with trichloroacetic acid. This value represented 
protein bound iodine, as well as adsorbed iodide and indicated that condi- 


Table 3. Distribution of I”' added to thyroid tissue in vitro 


Cone. TSII 
m.u./ml. 


Time of I'®‘ addition 

Fraction 

At beginning of 2 hr. 
incubation 

At end of 
incubation 

0 

Tissue 

26.8 + 2.3 

8,711.4 


Supernatant 

,35.7 + 1.7 

64,611.7 


1st Wash 

14.5±2.2 

13.713.8 


2nd Wash 

11.610.3 

7.110.1 


3rd Wash 

8.9+3.1 

4.711.0 

10 

Tissue 

60.3 + 1.6 

13.5+3.6 


Supernatant 

16.3+0.S 

01.8 + 4.8 


1st Wasli 

7.5 + 1.7 

9.311.6 


2nd Wash 

7.1 +0.3 

7,310.1 


3rd Wasli 

6.9+1.2 

5.511.6 

20 

Tissue 

09.011.7 

14.912.5 


Supernatant 

12.911.3 

60.513.1 


1st Wash 

5.011.3 

9.111.3 


2nd Wash 

5.410.4 

7.3 10.4 


3rd Wash 

5.811.5 

5.7 11.5 


These figures represent % of added radioiodide and arc the average of four experimonts. 
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tions which existed during the washing period were not conducive to con¬ 
versions of large quantities of iodide to organic molecules. 

The nature of radioiodine in tissue after incubation under the usual 
conditions i.e. in the presence of Nal*^* and different concentrations of th}"- 
rotropin has been determined bj"^ applying similar techniques of trichloro¬ 
acetic acid precipitation to the tissue as well as to the combined incubation 
and wash solutions. Data in Table 4 indicate that during incubation radio¬ 
iodine precipitated with trichloroacetic acid was increased in the presence 


Table 4. Nature of iodi.\e compounds produced after 
in vitro incubation of thyroid tissue 


Time of addition 
of I'” 

Cone. TSH 
m.u./ml. 

Fraction 

Behavior in TCA 

Precipitated 

Soluble 

Beginning of Incubation 

0 

Tissue 

13.8 

13.3 



Supernate 

2.6 

67.0 



Total 

16.4 

80.3 


10 

Tissue 

48.3 

13.1 



Supernate 

3.8 

33.2 



Total 

52.1 

46.3 


20 

Tissue 

67.8 

12.6 



Supernate 

4.5 

22.6 



Total 

62.3 

36.2 

End of Incubation 

0 

Tissue 

1.7 

6.8 



Supernate 

0.5 

88.1 



Total 

2.2 

94.9 


10 

Tissue 

2.5 

10.9 



Supernate 

0.5 

78.2 



Total 

3.0 

89.1 


20 

Tissue 

2.4 

12.1 



Supernate 

0.6 

79.3 



Total 

3.0 

91.4 


Figures represent % added radioiodide and are the average of 4 e.xperiments. 


of thyrotropic hormone. If one compares the trichloroacetic acid precipita- 
ble in tissue (Table 4) with the total radioiodine content (Table 3), 
approximatel}^ 50% (13.8/26.8) was protein bound in the absence of added 
thyrotropin. Increase of this fraction to 80% (48.3/60.3) was found when 
the preparation was supplemented with 10 m.u./ml. of TSH and to 84% 
(57.8/69.0) when 20 m.u./ml. were added. These figures agree with the 
well established relation of th3TOtropic hormone to iodine uptake and 
utilization. 

The in vitro iodine uptake of an isolated thju-oid gland was determined in 
part bj^ the degree of .subdivision of tissue. Uptakes of iodine b}" slices, 
minces and homogenates were compared. In this experiment a lobe of the 
thjToid was divided into equal parts. Frozen and fresh slices were pre¬ 
pared, the former with a freezing microtome set to give slices of 250 /i. 
Fresh slices 0.5 mm. thick were prepared using the Stadie-Eiggs microtome. 
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Table 5. Comparison of iodine uptake by thyroid minces 
SLICES AND HOMOGENATES ’ 


Samples/ 

Datum 

TSH 

m.u./ml. 


% uptake + standard deviation 

— 


Form of tissue 


Mince 

Frozen slice 

Fresh slice 

Homogenate 

5 

0 

18.4 + 1.0 

8 .3+2.4 




10 

35.2+G.G 

8.9±1.3 



4 

0 

18.2±1.1 


13,9+ 1.0 

4.23+0.9 


10 

32.7±2.5 


32.2± 6 .G 

4.40±0.G 

5 

0 

30.G+2.5 

12.1 +0.7 

21.4+ 5.2 

5.90+0.2 


10 

49.2+2.7 

12.1 ±0.G 

44.7 + 10.3 

5.97 +0.5 


Eight hundred mg. of slices were incubated in each flask. Another portion 
of the gland was homogenized using 400 mg. of tissue per ml. of buffer. This 
was accomplished using an ice-cooled Waring blendor operated for 5 min¬ 
utes. For incubation, 2 ml. aliquots were employed. As control, an equal 
portion of the same gland was minced bj’’ the usual technique. Radioactive 
iodine as Avell as th3U'otropic hormone at levels of 0 and 10 m.u./ml. were 
added and the volume adjusted to 4.0 ml. wdth buffer. After incubation 
the homogenate Avas precipitated Avith 1.5 ml. of 40% trichloroacetic acid 
and the precipitate Avashed tAA'ice AAutli 5 ml. of 5% trichloroacetic acid. 
These data (Table 5) indicate that AA'as taken up by thjuoid tissue in 
all forms and that tliju-otropic hormone increased uptake in fresh slices 
and minces but not frozen slices or homogenates. When tissue Avas in the 
latter forms the quantity of concentrated aats less than in fresh slices or 
minces. 

Table G. Effect of variou.s reagents on in vitro uptake 

BY THYROID MINCES 


TSH cone, ni.u./ml. 



Reagent Tested 

0 

% response* 

10 

% response 

20 

% response 

5X10-^ 

M FMN 

108.0± 9.0 

85.4+ G.2 

90.7+ 6,3 

5X10-^ 

U DPN 

79.G±10.0 

72.5± 7.3 

77. 6 ± 3.8 

1X10-5 

M Ascorbic Acid 

81.0± 5.8 

74.4 + 11.1 

78.0+ 9.2 

1X10-5 

M 8 -Hvdroxyquinoline 

84.2 + 11.5 

56.7± 7.7 

57.9+ 2.6 

4X10-5 

M Thvroxine 

101.3+ 7.3 

93.1± 5.7 

93.1+ 8.0 

4X10-5 

M Thyroxine 

101.8+ G.7 

93.4+ 5.7 

93.5+ 4.3 

GXlO-5 

KI 

98.4 + 13.7 

90.1± 5.9 

92.0+ 5.4 

6X10-5 

M KI 

10.1+ l.G 

6 . 8 + 2.2 

6 . 1 + 2.1 

1 X10-5 

M CUSO 4 

90.0±28.6 

71.8±32.2 

66.4+23.3 

1X10-5 

AI ZnSOi 

95.5 + 18.7 

88.6±12.9 

90.5± 9.3 

1 X10-5 

M FeS04 

95.3 + 17.2 

97.2±12.9 

90.6 + 14.5 

1X10-5 

M FeNH4(S04)- 

86.2 + 14.6 

96.2 + 10.1 

96.9+ 3.4 

1X10-5 

M NaoS04 

99.7+ 8.0 

98.8+ 7.9 

99.3+ 6.7 


* 


% Respon.se= 


% iodine upta ke in the presence of reagent tested ^ 
% iodine uptake in iinsuppleniented buffer 


These values based on six experiments for each reagent. 
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Table 7. Effect of incubation conditions on iodine uptake 


% uptake 


Conditions 


m.u./ml. 

37° C 

95% O2- 
5% CO: 

37° C 

N: 

37° C 

Air 

4° C 

95% O2- 
5% CO: 

4° C 

N: 

4° C 

Air 

0 

15.60 

10.10 

14.54 

12.50 

7.49 

12.24 

10 

33.84 

13.43 

34.24 

16.26 

6.78 

12.05 

20 

42.18 

9.00 

38.78 

17.54 

8.16 

13.25 


Iodine uptake was measured in media containing agents affecting en- 
Z 3 ^me activit}’’ and thyroid function. Two reactions were considered, first 
iodine uptake itself as seen in media unsupplemented with TSH and 
second, response to th 3 U’otropic hormone. As seen in Table 6 , the magni¬ 
tude of standard deviations limited evaluation of all but a few of the re¬ 
agents studied. 8 -Hydrox 3 '^quinoline had little effect on iodine uptake but 
decreased response to thyrotropic hormone. Both uptake and stimulation 
by thyrotropin were impaired by DPN, ascorbic acid and 6 X10“^ M KI. 
Influence of the other reagents on both of these phenomena was question¬ 
able because of the variety of responses of different minces. These responses 
reflected differences in tissue and were due to the reagent in question since 
the reactions were unaffected in solutions of equal molarity containing 
Na2S04. 

Iodine uptake in the presence and absence of thyrotropin appeared to 
depend on temperature and gaseous atmosphere during incubation. As 
seen in Table 7 replacement of 95% 02 — 6 % CO 2 with air had little effect 
on iodine uptake or response to th 3 Totropic hormone. In an atmosphere of 
nitrogen, uptake was reduced and response to tropic hormone disappeared. 
For these tissue reactions 37° C was more favorable than 4° C. 

Eesponses of an isolated thyroid mince differed according to the weight 
of tissue employed. Iodine uptake of different amounts of th 3 Toid tissue is 
seen in Table 8 . With quantities greater than 800 mg., uptake was not ap¬ 
preciably increased in 10 m.u./ml. of tl^Totropin. Such limitation of re¬ 
sponse may be due to depletion of I^^' b 3 '^ tissue. Theoretical aspects of 


Table 8. In vitro uptake of I'm by thyroid minces and their response 
TO TSH-epfbct of tissue weight 


% uptake 

TSH m.u./ml. 



Tissue weight, mg. 




200 

400 

800 1000 

1500 

1800 

0 

8.8 

14.4 

24.4 30.3 

35.2 

30.8 

10 

27.1 

35.0 

49.1 52.0 

48.0 

53.9 


Incub.atcd in 4.0 ml. buffer at pH 7.4, 2 hrs. 37° C in 95% 0:-5% CO:. 
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radioiodine distribution between tissue and incubation medium have been 
discussed bj^ Freinkel and Ingbar (6). 

Rate of iodine incorporation was studied by measuring % uptake at 30 
minute intervals over a 3 hour incubation period. The flasks contained 0 
10 and 20 m.xj./ml. of thyrotropin. Uptake rate curves of one experiment 
are seen in Figure 5. Four such experiments had two results in common: 1. 
The most rapid reaction occurred during the first 30 minutes. After this 
rate was lower and represented removal of a constant portion of the un¬ 
reacted with variation of approximately ±1% in the absence of thy- 



Fig. 5. Effect of th}Totropic hormone on 
rate of in vilro F®' uptake. 


rotropic hormone and +10% in its presence. 2. The initial velocity in¬ 
creased with addition of thju'otropin. In one experiment, in 0, 10 and 20 
m.u./ml. of TSH, velocities of 0-30 min. were .4007, .4680 and .4797%/ 
minute respective^ 3 ^ 

DISCUSSION 

Iodine uptake b}’ th,yroid tissue requires several enz 3 ’'me s 3 "stems cat- 
al 3 ^zing a series of consecutive reactions. With establishment of a stead 3 '’ 
state all reactions proceeded at a rate which depended on concentration of 
enz 3 '^mes, activators and inhibitors in tissue. Alterations in these factors 
determined ultimatel 3 '’ the curve representing effect of th 3 Uotropic hor¬ 
mone on uptake. At low hormone levels a linear relation was observed 
when radioiodine uptake was plotted against logarithm of th 3 u’otropin 
concentration. As TSH content was increased, there was a tendenc 3 ^ for 
the curve to become sigmoid. 

Absolute differences in uptake of tissue after 2 hours incubation in tip - 
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rotropic hormone permitted detection of the effect of thyrotropin on ac¬ 
cumulation of both free iodide and protein bound iodine. As indicated b}' 
solubility in trichloroacetic acid, TSH increased taken up as iodide if 
the radioiodide were added at the end of the incubation. When tissue was 
in contact with during the entire incubation period, such accumulation 
of iodide was not apparent due probabl}'- to the formation of PBI’^b Thj^- 
rotropic hormone increased protein bound iodine of both tissue and incu¬ 
bation fluid. The latter illustrated a well established phenomenon associ¬ 
ated with th 3 n’otropic hormone—promotion of the discharge of protein 
bound iodine from the tlijn-oid. 

The values for iodine uptake reported in this study may be compared 
with those of other investigators Avho measured in vitro iodide utilization. 
Iodide uptake and release was studied b}'- Bakke and Lawrence (3) who ob¬ 
served that uptake was greater and release was less from thjn-oid tissue 
incubated in media supplemented with propjdthiouracil and th 5 u-otropic 
hormone. Radioactivitj'- released was analogous to the of the wash 
solutions shown on Table 3 for flasks to which radioiodine was added at 
the beginning of the incubation. Tropic hormone decreased the which 
could be removed on washing. The influence of blocking agents on the 
nature of the iodine uptake has been studied by Freinkel and Ingbar (7) 
who showed that concentrated bj'- mammary slices from media supple¬ 
mented with tapazole was entirelj'- soluble in trichloroacetic acid. Chro- 
matographically it was identified as inorganic Elimination of tapazole 
resulted in the formation of significant amounts of trichloroacetic acid in¬ 
soluble material. Taurog et al. (8, 9) also demonstrated on chromatograms 
the formation of protein bound iodinated compounds in slices and particu¬ 
late fractions of the thjwoid. The so-called iodine uptake reported in the 
present investigation represented protein bound iodine as well as trapped 
iodide. Bakke and Lawrence (3) found that collection of iodide under in 
vitro conditions was dependent on medium volume and carrier iodide con¬ 
centration. To allow for Amriations in medium Amlume and tissue weight 
Freinkel and Ingbar (7) expressed iodine uptake from a tapazole contain¬ 
ing medium as the concentration gradient S/M 

/ counts/gm. of tissue \ 

\ counts/ml. of medium / 

An anatysis of the data on Table 3 has been carried out along similar lines 
in which the I’®^ mince/medium ratio has been expressed. In 0, 10 and 20 
m.u./ml. of thjTotropic hormone values of l.S, 7.6 and 11.2 were found 
Avhen I'^^ was added at the beginning of the incubation period. If radioio¬ 
dine Avas added at the end of the incubation little trichloroacetic acid pre- 
cipitable iodine resulted. The mince/medium ratios in the corresponding 
concentrations of thjTotropic hormone were 0.4S, 0.7S and 0.87. These 
values are not precisel}' comparable to the data reported b}" Freinkel and 
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Ingbar since no tapazole was added to the medium. However, they indicate 
that the values reported in this study for uptake are accompanied by a low 
but genuine error due to the iodide trapped because of the effect of the 
tropic hormone on osmoregulation. This error might be eliminated by 
amplif 3 dng the procedure to include a separation of the trichloroacetic 
acid precipitable iodine in tissue and incubation fluid. The authors declined 
routine use of this modification because it lengthened the assay period by 
one da 3 ^ 

Although thyroid tissue displays an ability to concentrate iodine, the 
nature and rate of reactions taking place depend upon conditions em¬ 
ployed for study. After culturing thyroid glands in vitro for 25 days, Roche 
et al. (2) noted that the synthetic mechanism was not modified in vitro 
although under these conditions hormone formation was less intense, and 
following stimulation with thyrotropic hormone both triiodothyronines 
were formed in preference to thyroxine. Morton and Chaikoff (10) reported 
that incubation of slices of thyroid glands wdth Nal^^^ was associated with 
the production of diiodotyrosine and th 3 woxine. These conversions were re¬ 
duced if tissue was minced and lost if tissue wmre homogenized. Taurog 
ci al. (8) found that in whole homogenates there rvas formation of mono- 
iodotyrosine but no diiodotyrosine. In our experiments, the physical form 
of tissue limited the response to thyrotropic hormone and iodide uptake. 
Uptake occurred when thyroid tis.sue was in any state of subdivision but 
response to thyrotropic hormone was lost when tissue organization Avas dis¬ 
rupted b 3 ’’ homogenization or freezing. Such responses of thyroid tissue 
suggest an association of these reactions Avith the distribution of Micro¬ 
scopic examination of the tissue emplo 3 'ed indicated that the mince dif¬ 
fered little from a section of an intact th 3 U'oid gland. Both shoAAmd regular 
th3U'oid follicles filled AAdth colloid and lined b3'’ cuboidal epithelium. Tl^'- 
roid homogenates shoAAmd an occasional isolated follicle against a back¬ 
ground of amorphous fragmented eosinophilic material and debris. A 
frozen slice contained follicles characterized b 3 ’- the absence of colloid. 

Sensitivity of thyroid tissue to thyrotropic hormone under w vitro con¬ 
ditions has been studied. Bakke and LaAvrence (11) found that iodine col¬ 
lection of slices AA’as stimulated b 3 '^ as little as 1X 10~" m.u. of TSH AAdiereas 
8 m.u. Avere required for organic binding. As reported b3'' LaAAwence and 
Bakke (12) Avater transfer of th 3 U-oid slices Arms altered by 8X10-^ u./ml. 
Using tissue culture techniques, Bottari (13) measured iodine uptake of 
portions of th 3 U’oid glands and detected 1X10“^ i.u. This figure conAmrted 
to U.S.P. units Avith factors summarized b 3 '^ OAmrbeek et al. (14) is equiva¬ 
lent to .05 U.S.P. m.u. An in vitro technique Avas reported by Florsheini 
et al. (15) AA'ho found that incorporation of P^“ in phospholipids of th 3 Uoicl 
slices Avas regulated b 3 '’ TSH Avith a linear response betAAmen 2 and 200 
m.u./ml. In our experiments, there AAms detection of at least 1 to 2 m.u./ml. 
of thyrotropic hormone. All glands Avere not equally responshm to TSH, 
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and sensitivity was reflected in the slope of the regression line. The 
steeper curves relating response to dose provided a more precise estimate 
of different concentrations of thj^rotropin and also permitted the detection 
of lower levels of TSH. In order to increase the accuracy of measuring 
thyrotropic hormone in this in vitro system, an arbitrary standard was 
employed in evaluating alterations in iodine uptake. A th 3 Toid mince was 
exoected to displa}’- a difference of 10% in uptake between 0 and 10 m.u./ 
ml. of thyrotropic hormone. In a group of 68 minces, 60 met such a 
standard indicating that 88% of the minces displaj’^ed satisfactoiy re¬ 
sponse to TSH. Because of the uniformity of response of beef thyroid 
minces, it is suggested that this procedure may be applicable as an in vitro 
assa}" for thjTotropic hormone. Although not maximally sensitive, the 
technique is simple, rapid and accurate. It minimizes variabilitj^ of th}'^- 
roid tissue and is not affected by thyroxine. 
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ABSTRACT 

Hypothalamic lesions in the supraoptico-hypophysial tract of lactating rats 
produced a block of both milk ejection and milk secretion. The defect in milk 
secretion was correlated with the deficiency in endogenous oxytocin secretion, 
but there was no correlation between polydipsia and milk ejection or milk secre¬ 
tion. The effective lesions interrupted the supraoptico-hypophysial tract either 
in the median eminence or in front of this structure. The defect in milk secretion 
was seen in rats where median eminence, hypophysial portal vessels, and an¬ 
terior lobe of the pituitary appeared to be essentially normal on histological 
examination. Pitocin and sjmthetic oxj'tocin delayed mammarj- involution 
in lactating rats. Pitressin produced a smaller effect. The effect of Pitocin 
and synthetic oxytocin i)ersisted in rats with hypothalamic lesions. Since a 
defect in endogenous oxytocin release led to a defect in milk secretion, whereas 
oxj’^tocin delayed mammary involution, it was postulated that oxytocin maybe 
the ireurolunnor stimulating the release of lactogenic hormone. 

P REVIOUS work by a number of investigators has indicated that 
vasopressin or a closeU related poB'peptide maj' plaj’- a role in the 
release of adrenocorticotrophin (ACTH) (1, 2, 3). In view of this relation¬ 
ship, it became of interest to speculate on a possible role of the other 
neural lobe hormone, oxytocin, in regulating anterior pituitary function. 
Andersson (4), and Cross and Harris (5) demonstrated that suckling pro¬ 
duces a reflex release of oxytocin which in turn causes milk ejection. Selye 
(6) and others (7, 8) have further shown that suckling stimulates milk 
secretion by a reflex augmentation of the release of lactogenic hormone. 
The principal evidence for this view is the demonstration that mammary 
involution is delayed by the continued suckling of breasts from which the 
egress of milk has been prevented. Since lactogenic hormone has a similar 
effect in delaying mammary involution. Hooker and Williams suggested 
that suckling must stimulate a discharge of this hormone (9). Because 
suckling releases both oxj^tocin from the neurohypophysis and lactogenic 
hormone from the anterior lobe, it is reasonable to postulate that the re¬ 
lease of oxytocin maj’^ stimulate the release of lactogenic hormone. This 
suggestion was apparent^ Ai'st made by Peterson (10). Subsequently, 
Benson and Folley reported that oxytocin delays the involution of the 
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breast which follows weaning (11), which provided the first experimental 
evidence for the postulated role of ox 3 'tocin in the release of lactogenic 
hormone. 

The present experiments were designed to test the hj’pothesis that 
ox 3 'tocin triggers the release of lactogenic hormone in the rat. In the first 
series of experiments, the effect of ly’^pothalamic lesions designed to pre¬ 
vent the secretion of ox 3 docin was studied. Then, the effect of exogenous 
ox 3 docin on the course of mammar 3 ^ inAmlution was determined in normal 
rats and those with h 3 ''pothalamic lesions. A defect in milk secretion as well 
as milk ejection was demonstrated in the rats with lesions, whereas ex¬ 
ogenous ox 3 docin dela 3 'ed mammary involution in both normal rats and 
those with lesions. A preliminar 3 ' report of this work has alread 3 '^ appeared 
( 12 ). 

METHODS 

Lactating Wistar rats were used throughout this study. They were fed a diet oI 
Purina chow supplemented with oranges and bread. 

INIilk secretion was estimated in most cases simply by recording to the nearest 0.1 
gm. the daily weight gain of the litter, and then converting this to a rate of gain by 
e.\pressing it in mg. gained/gm. of weight of litter/hour. Using data of Brody (cf. 13) 
it is possible to estimate milk 3 ’ield b}- multiplj’ing gain of body weight bj' 100/55. 

Where o.vytocin was injected to cause milk ejection, a direct measure of milk yield 
was attempted bj’ weighing the litter before and ^ to 1 hour after oxj’tocin administra¬ 
tion. 

In rats with failure of o.xytocin release where litters were suckled on alternate daj-s 
bj' normal mothers, the calculation of total milk flow of deficient mothers was more 
complicated. Two different methods of calculation were used and compared—one based 
upon dailj' weight gain of the litter, the other upon gain of the litter following o.vj’tocin 
injection into the deficient mother. These calculations are more fully described in the 
appropriate section of the results. 

A. Lesion experiments: On the second daj- of lactation each litter was reduced to si.\ 
members. If the litter was gaining weight hypothalamic lesions were produced in the 
mother on the fourth daj- of lactation, though in some instances thej’ were made later, 
i.e., as late as the eighth da 3 \ Lesions were produced with the Krieg stereotaxic instru¬ 
ment with the rat under ether anesthesia as described previousb' (1). Coordinates were 
used which had been shown to produce lesions that interrupted the supraoptico-lyvpo- 
physial tract either in the median eminence or in front of this structure. “Large” lesions 
were made b 3 ’ coagulating bilateral^ with a current of 6 mA. for 15 seconds, whereas 
“small” lesions were made with a current of 2.4 m.4. for 5 seconds. After a two-hour 
recover 3 ' period, the mothers were returned to their litters. In rats with median emi¬ 
nence lesions, where a defect in milk ejection was thought likeh’ to occur, an injection 
of commercial ox 3 -tocin (Pitocin, 0.75 Units (u.) diluted to 0.7 ml. with pln-siological 
saline, intraperitonealb’ (I.P.)) was given several hours after the operation. Thereafter, 
whenever the litters nursing mothers with lesions lost weiglit overnight, these mothers 
were injected 1-3 times a da 3 ' with o.xwtocin beginning that morning. If lactation was 
interrupted following placement of the lesions in spite of o.xwtocin injections, the litters 
of the operated mothers were exchanged with those of foster motliers every 24 hours. 
In this wa 3 ' continued suckling of the rats with lesions was assured, and litters could be 
kept in good condition, though somewhat subnormal in weight, throughout the experi¬ 
ment. 
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In order to provide control data for these experiments, normal mothers were isolated 
from their litters overnight and then anesthetized with Nembutal (4 mg./lOO gm 
I.P.). The milk obtained bj' the litters from the anesthetized rats before and after the 
injection of oxytocin was then determined by weighing the litter. 

Water intake and bodj- weight of the mother rats with lesions were recorded at fre¬ 
quent intervals. At autopsy, the breast tissue was examined grossly, and in some in¬ 
stances histologicall)" after fixation in 10% formalin, paraffin imbedding, sectioning at 
bn, and staining with hematoxylin and eosin. The right ovary and left adrenal were dis¬ 
sected free of fat and weighed to the nearest 0.1 mg. on a torsion balance. Uteri were 
examined but were not weighed. Brains with pituitaries attached were preserved in 
either formalin or Bouin’s solution. Diencephalon and pituitary were serially sectioned 
at 5 or Ibn, and every 5th or 10th section mounted. Diencephalons were stained with 
either Luxol fast blue (14) or the chrome-alum hemato.\ 3 din phloxine method of Gomori 
(15). Pituitaries were stained with cither hemato.xjdin-eosin, azo-carmine, or chrome- 
alum hematoxjdin phloxine. 

B. Injection experiments: To study the effect of possible neurohumors upon lactation 
in mothers not permitted to suckle their j’oung, litters were again reduced to 6 members 
on the 2nd da}"^ of lactation and removed on the 4th daj'. All mother rats were then 
injected, I.P., thrice dailj’^ for 9 days with 0.3 ml. of either phj'siological saline, Pitocin, 
Pitressin, or sjmthctic oxytocin (Sjmtocinon*). Hj^pothalamic lesions were made in cer¬ 
tain rats as described for "small” lesions, immediatelj' after removal of their litters. The 
remainder had no h 3 ’pothalamic injur 3 ^ At sacrifice, the left abdominal breast was 
examined grossl 3 - and histologicall 3 ’- after preparation as described under A. 


RESULTS 

I. The Effect of Hypothalamic Lesions on Milk Ejection and Lactation in 
the Rat 

A. Normal Rats. Five mother rats gave milk at such a rate that their 
litters gained an average of 3.7 mg./g. of litter/hr. during the first 2 weeks 
of lactation (Table 2). This rate of gain served as the control value for 
rats 3vith lesions ivhere a foster mother Avas not required. The foster 
mothers, vdiich ivere used if lactation was interrupted after lesions, gave 
milk at a more rapid rate, proAuding an aA'-erage Aveight gain each litter 
of 5.6 +0.4 mg./g./hr. This Avas probabb'’ due to the fact that under these 
conditions the mother Avas supplying most of the milk for 2 sets of litters of 
6 infants each. The increased suckling stimuli apparently resulted in a 
greater milk yield bj^ the mother. These mothers Avere considered the con¬ 
trols for rats AAdth lesions Avhose litters required foster mothers. 

Litters Avhich Avere isolated from their mothers lost Aveight at a rate of 
2.8+0.17 mg./g./hr. When placed Avith Nembutal-anesthetized mothers 
Avhich had been isolated oA'^ernight to alloAv milk to accumulate, the litters 
Avere able to obtain no milk (Table 1), indicating that anesthesia com¬ 
pletely blocks milk ejection and that no milk is obtained b}^ passNe AA'itli- 
draAval from breasts containing milk in the rat. This confirms the extensive 
obserAmtions of GrosA'^enor and Turner (16). Since no milk is obtained in 

^ S 3 mtocinon was kindN supplied 63 ’^ Dr. S. Gimpel of Sandoz Co., HanoA^er. Nev 
JerseA'’. 
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the alDsence of oxytocin, weight change of a suckling litter in the absence 
of injected oxjdocin has been considered an index of the degree of failm-e 
in endogenous oxjdocin secretion in rats with lesions. Of course if no milk 
is present for ejection, the index is useless. 

The injection of ox 3 "tocin in these anesthetized rats produced a rapid 
milk ejection and permitted the litters to obtain milk (Table 1). The maxi¬ 
mum amount obtained under such conditions provides an estimate of the 
capacity of the litter to ingest milk after isolation and a single injection of 
oxytocin. This maximum value was obtained bj’- isolating foster mothers 
overnight since thej'^ might be expected to accumulate more milk than nor¬ 
mal mothers. It appears that the litter which has been fasted for a period 
of 15 hours can ingest at least 9-10% of its bodj'^ weight in milk after a 

Table 1. The effect of anesthesia on milk ejection in the rat 


Weight gain of litter (grams) during 30 minute periods 


Rat No. 

Isolated 

Suckling a mother rat under nembutal 

No oxj'tocin 

O.xjUocin* 

1 

-0.1 

-0.1 

1.6 

2 

-0.15 

-0.1 

2.5 

3 

0.0 

-0.3 

1.7 

4 

-0.2 

-0.3 

5.6 

Mean 

o 

1 

-0.2 

2.8 


* 0.75 1 .r. Pitocin given intraperitoneall 3 ^ 


single injection of oxytocin has been given to the anesthetized foster 
mother. The mean litter weight gain in 5 such experiments was 9.2% of 
bod}'^ weight. This measurement provides information concerning the maxi¬ 
mum weight gain of litters which might be expected after an injection of 
ox 3 docin into a mother with a deficit of endogenous ox 3 docin release. 

B. Rats with Lesions Which Did Not Block the Release of Oxytocin. The 
results obtained in 14 rats where the lesion did not prevent the infants from 
obtaining milk are illustrated in Table 2. As indicated in the table, these 
lesions were in various hypothalamic areas. Most lesions appeared to pro¬ 
duce a slight decrease in weight gain of litters when compared with litters 
from control, non-operated mothers. The mean weight gain of all rats was 
9% less than that of control littei's (Fig, 3). It was noted that most animals 
gave ver 3 ’- little milk on the first post-lesion da 3 ’', and this accounts for 
much of the decrease in weight gain of these litters. The remainder of the 
slight deficiency in these rats ma 3 '^ be accounted for b 3 '' the slight weight 
loss of the mothers, suggesting a decrease in food intake, and b 3 ’^ the fact 
that, in some cases some damage was certainty sustained b 3 " the supra- 
optico-h 3 'poph 3 '^sial tract. Such damage is shown in section C to produce 
an alteration in milk secretion. Because Olivecrona (17) has found that 
destruction of the paraventricular nuclei results in a decrease in neui'al 
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lol3e oxytocin content, lesions were placed in an attempt to desti-oy the 
paraventricular nuclei in 6 cases (Table 2, E, paraventricular region) 
These nuclei sustained severe damage in 4 rats with a cell loss estimated 
to be 50-75%; in the 5th rat (P-7), however, a nearly complete destruction 
of the paraventricular nuclei was achieved (estimated cell loss>95%). 
The observation that there was little or no impairment of lactation in 


Table 2. Results in rats with lesions wiiicn tailed to block lactation 


Rat No. 

Mean 

litter 

weight 

gain 

hr.) 

%of 

control* 

Right 

ovarian 

\vt. 

(mg.) 

Left 

adrenal 

\vt. 

(mg.) 

change 
in body 
weight 
of rat 

H=0 

intake 

(ml./ 

day) 

Size 

lesion 

A. Prooptic Area 







12 

2.7 

85 



-17 

m 

L= 

B. Dorsal Hypothalamus and Ventral Th.alamtis 




CL7 

3.0 

89 



-IG 

10 


CLG 

4.0 

105 



-15 

22 

s 

CL5 

2.2 

77 

17 

19 

- 8 

28 

s 

1C 

2.0 

83 

27 

23 

— 7 

34 

s 

CL3 

3.0 

89 

29 

28 

+ 9 

50 

s 

Moan 

3.0 

80 



— 7 

30 


C. Lateral to Median Eminence 






4 

.3.0 

80 

32 

39 

- 9 

34 

s 

G 

2.8 

SO 

50 

G3 

- 9 

45 

s 

D. Posterior to Median Eminence 






2 

2.8 

8G 

30 

52 

— 2 

N 

s 

3 

2.8 

8G 

47 

57 

- 9 

N 

s 

E. Paraventricular Region 






P-1 

3.8 

102 

55 

34 

- 1 

91 

s 

P-2 

4.0 

105 

51 

37 

-14 

48 

s 

P-3 

2.5 

82 



~ 2 

40 

s 

P-4 

3.7 

100 



-IG 

62 

s 

P-7 

3.9 

103 

37 

43 

- 5 

43 

M’ 

Overall Mean: 

3.1 

91 

38 

39 

- 8 



Mean of 5 controls 

3.7 

100 







^ For method of efilcuhation, sec page 870. 

- Approximately normal. 

5 L = ‘‘Largo” lesions; M =''iMcdium” lesions; S = '‘Small” lesions. 


these cases can be considered as evidence against an essential role of these 
nuclei in oxytocin release or lactation. 

Two of the rats with lesions in the paraventricular nuclei exhibited a 
mild pol 3 ’dipsia which is attributed to the fact that the lesions in both 
cases extended to the base of the brain so as to produce an injury to the 
supraoptico-h^^pophjLsial tract. In neither case was this injuiy sufficient to 
cause a Idock of milk ejection or secretion. 

C. Rats with Lesions Which Interfered loith the Release of Oxytocin. Lesions 
designed to interrupt the supraoptico-hj^pophysial tract, and thereby 
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prevent the release of oxytocin, produced a different picture (Table 3A). 
In these cases the infants were able to obtain little or no milk despite vigor¬ 
ous suckling. They lost weight when left with the mother rat, which was 
taken to mean that the milk ejection reflex was interrupted bj^ the de¬ 
ficiency of endogenous ox 3 docin secretion. These rats were enabled to ob¬ 
tain a certain amount of milk bj’’ periodic injections of oxjdocin, thus con¬ 
firming the earlier findings of Cross and Harris (5) in the rabbit and Ben¬ 
son and Cowie (18) in the rat. 


Table 3a. Lactational performance of rats with lesions in the 

SUPRAOPTICO-HYPOPHYSIAL TRACT 


Mean litter weight gain 
(mg./g./hr.) 

%of 

Right 

ovarian 

Left 

adrenal 

% 

change 
in body 
weight 
of rat 

H:0 

intake 


Without 

oxj'tocin 

After 

oxytocin 

Total 

control* 

wt. 

(mg.) 

wt. 

(rag.) 

(ml./ 

day) 

1. 

“Large” Lesions 
4 -3.1 

+0.61 

-2.5 

4 

37 

25 

- 7 

200 


ID -3.1 

+ 2.33 

- .8 

24 

40 

35 

-10 

no 


2D -2.1 

+ 1.75 

-0.4 

29 

45 

40 

-12 

65 


4D -3.5 

+ 1.3’ 

-2.2 

7 

34 

27 

0 

35 


Mean; —3.0 

+ 1.5 

-1.5 

16 

39 

32 

- 7 

102 

2. 

“Small” Lesions 
2B -3.3 

+ 1.71 

-1.6 

14 

46 

24 

+ 13 

24 


5B -3.1 

+3.21 

+0.1 

34 

44 

39 

-12 

150 


GB -3.5 

+ 2 . 71 *’ 

-0.8 

24 

32 

54 

-16 

85 


7B -4.3 

+ 1.8'^’ 

-2.5 

4 

45 

35 

- 8 

35 


8B -3.4 

+2 11*3 

-1.3 

18 

47 

48 

-13 

37 


A5 -3.1 

+2.2’ 

-0.9 

23 

37 

45 

-14 

170 


A4 -1.8 

+ 1.8’ 

0.0 

33 

55 

40 

- 6 

84 


Mean; —3.2 

+2.2 

-1.0 

21 

40 

41 

- 8 

84 

3. 

Partial Lesions 
9B -2.1 

+4.2’ 

+2.1 

75 

37 

53 

- 9 

240 


5 -1.9 

+2.9’ 

+ 1.0 

58 

47 

41 

- 8 

40 


* For method of calculation see page 876. 
’ One injection of oxytocin per day. 

® Three injections of oxytocin per d.ay. 


The marked reduction in milk secretion in these rats made it necessarj^ 
to employ foster mothers for the infants. Litters were switched back and 
forth dailj" between the two mothers so that suckling stimuli were main¬ 
tained at all times. The routine consisted of switching the litters one hour 
after the deficient mother received her morning oxjdocin injection; thus, 
the hungrj" infants which had been unable to obtain milk overnight from 
the rat with lesions were enabled within this hour to obtain the milk that 
had accumulated since the last injection. Because the litter was switched 
to the foster mother after this large intake of milk, it was impossible to use 
the simple recording of litter weight as an index of lactation in the rats 
with these effective lesions. Instead, the sum of the weight gains during a 
24 hour period, following the individual ox 3 docin injections, expressed as 
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mg./g. of litter/hour was determined. Then, the weight change of the litter 
overnight in the absence of injected oxytocin was calculated as mg./g. of 
litter/hour. (This was taken as an index of the ability of the infants to ob¬ 
tain milk by secretion of endogenous oxytocin since it has been shown that 
rats do not obtain milk by passive withdrawal from the breast.) The sum 
of the weight gains occurring after oxytocin injections was added to that 
obtained in the absence of the drug to give the total weight gain of the lit¬ 
ter. This was then compared with the average weight gain of each litter 
when nursing the control foster mother to determine the percentage deficit 
in lactation.^ This method overestimates the lactational performance of 
the rats with lesions since all milk obtained after injection of oxytocin is 
not converted to tissue. In two cases where it was necessary to use oxytocin 
but a foster litter was not required (Table 3, Partial lesions), the actual 
weight gain of the litter was compared with the calculated gain using the 
above method. It was found in both instances that the calculated weight 
gain was greater than the actual gain; the cumulative error at the end of 11 
days was 28 and 32%. In spite of this error it is felt that this method is a 
useful one and that it gives values which are closely related to lactational 
performance. 

An alternative method of comparison of the lactational performance of 
rats with lesions with that of the foster mothers is to convert the weight 
gain of the litters nursing foster mothers into an estimate of milk yield. 
According to Brodj’- (cited iDy Cowie and Folley (13)), the weight gain of a 
litter is roughly equivalent to 55% of the milk yield. Consequently an esti¬ 
mate of the milk }deld can be made b}^ multiplying the litter gain by 
100/55. This value, which for the foster mothers is 10 mg./g./hr., can then 
be compared with the milk yield obtained after oxytocin in rats with effec¬ 
tive lesions. A good estimate of the percentage reduction in milk yield in 
rats with lesions results since these rats give almost no milk during the pe¬ 
riods when oxjdocin is not given. Both methods of calculation of the lacta¬ 
tional performance of the rats with lesions agree surprising!}" well. 

“Large” lesions in the supraoptico-hypophysial tract caused the litters 
to lose weight at a rate of 3.0 mg./g./hr. Avhen oxytocin was not admin¬ 
istered (Table 3A). Oxytocin injections permitted a weight gain at a rate 
of 1.5 mg./g./hr. Thus, in spite of injections of oxytocin which permitted 
removal of milk from the mothers, the litters lost weight at a rate of 1.5 
ing-/g-/hi’- When these litters were suckling foster mothers on alternate 
da 3 "s, the}" gained weight at a rate of 5.6 mg./g./hr. Thus, in these rats 
there was a deficiency of both milk ejection (gain without oxytocin) and 

^ The method of calculation was as follows: if when suckling the foster mother tlic 
litter gained weight at a rate, -x, greater than that of the isolated litter, whereas when 
suckling the rat with lesions it gained at a net rate of y greater than that of the iso¬ 
lated litter, then the lactational performance in percentage of normal of the rat aiti 
lesions would be (y/.x)X100. 
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milk secretion (total weight gain). The latter was estimated to be only 16% 
of normal (Table 3A, Fig. 3). This marked reduction in milk secretion was 
reflected in a decreased size and partial involution of breast tissue when 
examined grossly and microscopicall 3 \ The complete course of the experi¬ 
ment in one of these cases is shown in Figure 1. It is apparent that little 
milk was obtained in the absence of ox 3 docin and that, even when it was 
given, the milk 3 deld was grossl 3 '^ subnormal. The greatest amount of milk 
was obtained on the first post-operative da 3 ". This was followed b 3 " a 
gradual decrease in milk 3 deld to a minimum value on the 5th postopera- 


The Effect of a Lttion in the Suprooplico-hypophyeiol Tract 
on Milk Secretion 
_ e-=own litter 



Ooys 

Fig. 1 

tive da 3 ^ In most other cases the maximum milk 3 deld also occurred in the 
immediate post-operative period. 

“Small” lesions (Table 3A) produced a similar picture, but the reduction 
in milk production appeared to be not quite as pronounced, the mean 
secretion being 21% of normal (Table 3A, Fig. 3). The breasts of these 
animals exhibited less involution than that seen in rats with “large” 
lesions. The results obtained in one of these cases are illustrated in detail 
in Figure 2. It is noteworth 3 ^ here that, after an initial decline in litter 
weight gain, there was a rebound toward normal from the third to the 
se^'enth da 3 q b 3 ' which time the milk 3 deld had once again fallen to ver 3 " 
subnormal levels, Avhere it remained for the remainder of the experiment. 
This rebound increase in milk 3 deld for a short time during the first post¬ 
operative week, noted also in rats with large lesions, was seen altogether 
in 7 out of the 13 cases with a deficienc 3 ' of ox 3 'tocin release. 
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Fig. 2. The effect of a "small” lesion in the supraoptico-hypophysial tract on 

milk seeretion 

It is surprising that the weight loss in the absence of oxytocin in litters 
suckling rats with lesions often exceeded that found when the litters were 
isolated and no intake occurred (Tables 1 and 3A). This discrepancy may 
be related to a higher environmental temperature when with the mother, 
which produced a greater insensible loss of water. Exercise during suckling 
efforts may have also contributed to a greater weight los.s. Lastly, diuresis 
induced Iry ingestion of milk following the preceding injection of oxytocin 
would increase the rate of weight loss of the litter. This factor is relatively 
small since the amount of milk obtained following the last oxytocin injec¬ 
tion was usually very small. 

A relationship Ijetween endogenous antidiuretic hormone (ADH) re¬ 
lease and ACTIi secretion has been demonstrated in rats with hypothal¬ 
amic lesions (19). This later relationship was obtained by plotting water 
intake as an index of the severity of diabetes insipidus and thereby de¬ 
ficiency of ADH versus ACTH release. An attempt to relate water intake 


Fig. 3. The Effect of Hypothalamic 
Lesions on the weight gain of litters. The 
height of each bar represents the mean 
effect of each type of lesion. The number 
above each bar represents the number of 
mother rats with that type of lesion. 



0 
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to milk secretion is shown in Figure 4, which illustrates that in the present 
experiments there was no correlation between the presence of a cleficiencj" 
of ADH release, as indicated bj”- polydipsia, and milk secretion. Rats with 
a near maximal impairment in milk secretion were seen to have no dia¬ 
betes insipidus, whereas other animals with definite diabetes insipidus had 
essentially normal milk secretion. Furthermore, it is equally apparent 
(Tables 2 and 3) that milk ejection (i.e., weight gain in the absence of 
oxytocin) was also unrelated to polydipsia. 

There was no correlation between the deficit in lactation and ovarian or 
adrenal weights, though occasionally these weights were definitel}^ sub¬ 
normal (Tables 2 and 3). Impaired lactation was likewise seen in the pres¬ 
ence of normal sized uteri. Furthermore, since the weight loss which was 


Fig. 4. The failure of litter weight gain 
to correlate with water intake, indicating 
that milk secretion in the rat with hypo¬ 
thalamic lesions is unrelated to diabetes 
insipidus. 



Water Intake (ml./d ay) 


often seen in mothers after lesions interrupting lactation was no greater 
than that seen after control lesions, it appears that changes in nutritional 
status cannot account for the results. 

Serial sections of diencephalon and pituitaiy were made in all rats with 
marked impairment in lactation (Table 3B), and in all but 2 of the 14 con¬ 
trol rats. In all cases where a defect of milk ejection and milk secretion 
was present the lesions were seen to produce at least a partial interruption 
of the supraoptico-hj'^pophysial tract as judged b}’’ their location, b}' an 
atroph}^ of the infundibular process, and bj'- a decrease in the number of 
supraoptic neurons (Table 3B). In 2 cases where it was studied, there was 
a disappearance of neurosecretory material from the infundibular process. 
In one of the two cases (Rat 5) where a less complete impairment of milk 
ejection and lactation was seen, it was apparent from the sections that the 
interruption of this tract was less complete than in the other cases. This 
was not surprising in this case since the lesions had beeir designed to reach 
the base of the hj'pothalamus just lateral to the supraoptico-hypophysial 
tract. However, in rat 9B the other rat with a less pronounced deficit, the 
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supraoptico-hypopliysial tract had sustained considerable injury. A less 
complete injury to this tract did not block milk ejection or lactation in rats 
P-1, P-4, 6, 4 and 12 (Table 2). It is of interest that preliminary observa¬ 
tions suggest that loss of neurosecretory suijstance from the neural lobe 
appears to be a very sensitive index of injury to the supraoptico-hypophys- 
ial tract in lactating rats since the material was depleted from 6 neural 
lobes where the injury to this tract was minimal and lactation was not 
iDlocked, whereas in 6 rats where the tract was spared, there was abundant 


Table 3b. Location of lesions in bats with injury to the 

SUPRAOl’TICO-HYBOl'IIVSIAL TRACT 


Structure injured (graded as to severity from + to -4- + + +) 

Rat No. Median 

eminence, 
M.E. 

Portal 

in 

M.E. 

Vein.s 

in 

stalk 

Supra¬ 

optic 

nucleus' 

Paraven¬ 

tricular 

nucleus^ 

Atrophy 

of 

neural 

lobe 

Supra- 

optico- 

liypo- 

pliysial 

tract 

1. “Large 

” Lesions 







4 

+ + 

+ + + + 

0 

4-4-4- 

4-4- 

-P-P 

4--P-P 

ID 

-i- 4* + 

4-4-4- 

0 

4-4- 

-P -p 

-P-P 

4-4- 

2D 

+ 

+ 

0 

-j ^ 

-p -p -p 

+ + 

+ + 

4D 

+ -p 

4- -P -+- 

0 

4- -p 

-p -P -p 

+ 

4-4- 

2. “Small 

” Lesions 







2B 

"t" 

+ 

0 

4-4-4- 

-P-P 4- 

4-4-4- 

4--P-P 

5B 

+ + 

+ 

0 

-p -p -P 

“h 

— 

-P4-4- 

GB 

-1- + + 

4-4-4- 

0 

4-+ 

-P4- 

-P-P 

4- + 4- 

7B 

-1- 

4- 

0 

4-4-4- 

4-4- 

— 

-P -p -p 

SB 

+ 

+ 

0 

+ +• 

4-4- 

+ + 

-P4- 

A5 


4-4-4- 

0 

4-4-4-4- 

4-4- 

-P-P 4- 

4-4-4- 

A4 

4- 

4- 

0 

-P-P 

-P 

4- 

-P-P 

3. Partial Lesions 







9B 

4-4- 

+ + 

0 

+ + 


-P-P' 

4-4- 

5 

0 

0 

0 

-P-4-4-’ 

-l - P -p 

4-' 

-P-4-4- 


' Injur}' restricted to retrograde degeneration of neurons. 

2 Direct injury from electrode tracts, and retrograde degencr.ation. 
5 Almost complete unilateral destruction. 

* Complete loss of neurosecretory material. 


neurosecretoiy material in the neural lobe. Apparentl}', in the presence of 
injury to the tract reducing the reserve of secretoiy tissue, function may be 
maintained but at the expense of storage of neurosecretory material. 

In the rats with deficient oxytocin release and milk secretion, the inter¬ 
ruption of the supraoptico-hypopliysial tract occurred either in the median 
eminence or just in front of this structure. In 7 rats it was damaged more 
or less severely, while in 6 rats the eminence appeared to be completely, or 
nearly completely, intact. It, therefore, appears that injury to the median 
eminence itself or structures in its immediate vicinity is not a necessary 
condition for a defect in lactation. Specifically, it is unlikely that injury to 
fiber tracts entering the eminence from the posterior hypothalamus con¬ 
tributed to the effect or that injury to portal vessels, pars tuberalis, or 
arcuate nuclei pla 3 md a role. A section through the intact median eminence 
of rat No. 7 B is shown in Figure 5. Transverse sections through the h}"- 
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potlialamus of 4 of the rats in which the median eminence was spared are 
illustrated in Figure 6. 

Study of the anterior lobes of the rats with lesions revealed that the 
vascular supply to the gland was abundant and no infarcts were seen.'* 
In one case, rat 4 (Table 3A), the anterior lobe was definitely smaller than 
normal whereas in the other cases it appeared to be about as large as that 
of the control rats; however, no volume determinations have as yet been 



Fig. 5. A transverse section through the median eminence of one of the rats with 
a “small” lesion in the h 5 'pothalamus demonstrating intact hj-pophysial portal veins 
filled with led cells. 


made. All anterior lobes contained eosinophiles, basophiles, and chromo¬ 
phobes, but no attempt has been made to determine if abnormalities in 
the numbers of these forms were present. 

II. The Effect of Posterior Lobe Extracts on the Course of Mammary Invol¬ 
ution in the Rat 

A. Normal Rats. After removal of the litter, the rat’s mammar}'' glands 
involute. There is a failure of secretion, followed bj^ a loss of alveolar 

^ In earlier experiments with lesions located more posteriorly in the median eminence, 
infarcts similar to those seen after stalk section were noted (21). These partiuclar rats 
with lesions also had considerable apparently well vascularized pituitarj- tissue and 
demonstrated lactational findings like those of rats «ith the “large” lesions reported 
here. Because of the question as to the state of anterior lobe vascularization, these rats 
u ere not included in the present report. 
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structure, and a conversion of parenchyma into fat (6, 11), This process is 
nearly complete nine days after removal of the litter in the saline injected 
rats (Table 4). In contrast, injections of Pitocin, a commercial extract of 
oxytocin, were able markedly to retard the involution. There was much 
more parenchymal tissue in the mammae from oxytocin-injected rats. 
Furthermore, there was a considerable preservation of alveoli, and secre¬ 
tion was present. In some cases alveoli and ducts were abnormally dis¬ 
tended with secretory material; however, these glands were usually not in 
a lactational condition. The effect was then a retardation but not a preven¬ 
tion of involution. The minimal effective dose of Pitocin to produce a re¬ 
tardation of involution appeared to be al^out 0.25 u., I.P., three times 
daily. 



Fig. 6. Drawings of transverse sections through the hypothalamus of four of the rats 
with “small” lesions. Sections marked “a” pass through the rostral tip of the lesions; 
those marked “b” pass through the greatest extent of the lesions; and those marked c 
are just caudal to or at the caudal tip of the lesions. 


IC—Internal capsule 
CC—Optic chiasm 
OT—Optic tract 
F—Fornix 
V—Third ventricle 
A—Arcuate nucleus 
DM—Dorsomedial nucleus 


Key for abbreviations; 

PV—Paraventricular nucleus 
SC—Suprachiasmatic nucleus 
SO—Supraoptic nucleus 
ME—Median eminence 
pt—Pars tuberalis of pituitary 
L—Lesions 
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Pitressin, a commercial extract of vasopressin, produced a definite 
though less marked effect (Table 4). Its potency appears to be roughly half 
that of oxytocin, though more work is required to establish this. Examples 
of the effects of Pitocin and Pitressin are shown in Figures 7 and S. S 5 'nto- 
cinon, a preparation of sjmthetic oxytocin, appeared to be as active as 
Pitocin in inhibiting mammarj’- involution (Table 4). 

B. Rats with Hypothalamic Lesions. Since ox 5 docin produces milk ejec¬ 
tion by inducing contraction of mjm-epithelial elements in the breasts, it 


Table 4. Retardation op involution of the breast of rats pro¬ 
duced BY posterior lobe EXTRACTS 


Treatment 

Response' 


Individual 

Mean 

A. Normal Rais 

1. Saline 

0 , 0, 0, 0, 1, 0, 0, 0, 0, 1 

0 

2. Pitressin, 

1.0 u.,2 t.i.d.’ 

1 , 2, 2, 2, 2, 1 

2 - 

0 .5 u.,’ t.i.d.’ 

0 , 1, 2, 2 

1 

3. Pitocin, 

1.0 u., t.i.d. 

2, 2, 3, 1, 2, 4, 2 

2 + 

0.5 u., t.i.d. 

1, 3, 2, 2 

2 

0.25 u., t.i.d. 

1 , 1, 2, 0 

1 

4. Synthetic O.xytocin 

1.0 u., t.i.d. 

2, 2, 2, 1, 3 

2 

B. Rais wiih Hypoihalamic Lesions 

1. Saline 

1 , 1, 2, 1, 2, 1 

1 

2. Pitocin 

1.0 u., t.i.d. 

2 , 1, 2, 0, 1, 2 

3, 4, 2, 3, 1, 3 

3- 

3. Synthetic O.xytocin 

1.0 u, t.i.d. 

4, 3, 4, 4, 2, 3, 3 

3 


' Responses graded fromO-4; 1-3 = progressively decreasing degrees of involution; 4 =lac- 
tational condition. 

- u. = International unit. 

’ t.i.d. = Thrice daily. 

was possible that this contraction produced afferent impulses which would 
reflexlj" cause stimulation of lactogenic hormone release b}’’ an unknown 
mechanism and thereby a retardation of involution of the breast. A reflex 
type of retardation has alreadj^ been demonstrated to be produced b}^ 
suckling or application of turpentine to nipples (6, 21). It seemed of 
interest to determine if oxytocin could still retard mammary involution in 
the presence of a hj^pothalamic lesion. Although the mammarj’^ involution 
in the saline injected rats with hj^pothalamic lesions was not as complete 
as seen in the normals (Table 4), mammary involution was significantly re¬ 
tarded by either Pitocin, or synthetic oxjdocin (Table 4, Pig. 9). Serial 
sections of hypothalamus and pituitary of the seven rats injected with 
synthetic oxytocin revealed that all of these lesions were similar to those 
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Fig. 7-9. Microphotographs at the same magnification of sections of breasts from 
rats whose litters had been removed 9 days previously. 

Fig. 7A. Section from a control rat injected thrice daily with saline. Note that 
marked involution of the breasts has taken place leaving only small islands of paren¬ 
chymal tissue, consisting of cords with only occasional tiny alveoli (Grade=0). 
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already described and that the}”- produced at least a partial interruption 
of the supraoptico-hypophysial tract. 

DISCUSSION 

The present experiments are the first to our knowledge to demonstrate a 
failure of milk secretion after hypothalamic lesions. This marked deficit in 
milk secretion was associated with a failure of milk ejection, indicative of 
a deficiencj^ of endogenous oxjdocin release. 

It might be argued that the apparent deficit in milk production found 
in these rats with lesions was due to an inability of infants to obtain all 
the milk which was available in the breasts when effective nursing was 
limited to 1-3 periods a daj*^ shortly after an injection of oxytocin. This 
is not the case since, even after a single shot of oxytocin, fasted litters 
have been observed to gain at least 10% of their body weight (see section 
I A). This would mean that, if oxytocin were injected onl 3 '- once a daj^, the 
weight gain following oxytocin could equal at least 4.2 mg./g./hr. Such a 
weight gain was achieved in only one of the litters of the present studj^ 
(Table 3A, rat 9B), and this mother rat ivas injected thrice daily with 
oxytocin. The other litters in the study, man}'- of them also receiving the 
benefit of three injections of oxj'tocin, gained from 3.2 down to a minimum 
of 0.6 mg./g./hr. after oxytocin. The results, therefore, indicate that there 
is a deficit in milk yield in rats with a deficiency of oxytocin release. 

Since limitation of suckling to 8 hours a daj' has been found to produce 
a marked reduction in litter weight gain in normal rats (McCann, unpub¬ 
lished), it is conceivable that the observed defect in lactation in rats with 
lesions might be due to decreased suckling time of litters. This possibility 
can not be completely ruled out; however, it seems an unlikel}' one since 


Fig. 7B. Section from a rat injected thrice daily with Pitocin. Note the preserva¬ 
tion of alveoli containing secretion (Grade = 4) 

Fig. 8 A. Section from another control rat injected thrice daily with saline showing 
essentiallj’ the same degree of involution as seen in Figure 7A (Grade =0). 

Fig. SB. Section from a rat injected with Pitressin thrice dail 3 \ Note that, although 
involution has progressed considerablj^, alveoli persist which are considerabty larger 
than in the control rats. A large duct containing some secretion can be seen in the lower 
right hand corner which also distinguishes this section from the controls (Grade = 1). 

Fig. 9.4. Section from a control rat with a “small” lesion in the supraoptico-hj-po- 
phj'sial tract injected thrice dailj^ with saline. Note that, although there is little par- 
enclij’ma present, there are several fairlj- large alveoli and two large ducts containing 
secretion, so that involution has not progressed quite as far as in saline-injected normal 
rats (Grade = 1) 

Fig. 9B. Section from a rat with a “small” lesion in the supraoptico-hj'pophj-sial 
tract injected thrice dailj' with Pitocin. Manj' large secretion filled alveoli are present 
though some alveoli show beginning involution (Grade =4). 
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there is no evidence for failure of suckling. Mothers with lesions were ob¬ 
served to suckle their infants as much as normal rats or those with control 
lesions. In fact, it Avas notable that in spite of failure to obtain milk, the 
litters were almost ahvays attached to the teats and that the mothers with 
lesions retrieved their litters in a normal manner wlien thej^ Avere taken 
from the nest, apparently manifesting normal maternal behaAdor. 

If one grants then that the olDserved failure of lactation Avas in fact due 
to a failure of milk secretion, it Avould appear probable that this defect Avas 
due to the loss of the constellation of pituitaiy hormones Avhich are re¬ 
quired for maintainance of lactation in the rat. That some pituitary hor¬ 
mones Avere still being secreted Ijy the rats AAdth lesions is suggested by the 
fact that the deficit in lactational performance in rats AAith hypothalamic 
lesions Avas less than that Avhich folloAA’ed hypophysectomy in the experi¬ 
ments of CoAvie (22). 

Since adrenalectomy has an adAmrse effect on lactational performance 
in the rat Avhich can Idc corrected by cortical hormones (23), it might be 
argued that the defect in lactation folloAA'ing lesions Avas due to decreased 
ACTIi output by the pituitary. It is knoAvn that lesions similar to those 
reported here can prevent the increased ACTH release which folloAA^s acute 
stress (1-3); hoAvever, since complete adrenalectomy produces a much less 
marked defect in lactation than that reported here, it appears that dimin¬ 
ished ACTH secretion alone could hardl}'^ account for the present results. 
Since OAmriectomy has little effect on lactational performance in the rat 
(23), it appears Amry unlikely that deficits in ovarian secretion secondary to 
diminished gonadotrophin secretion could explain the results. As groAAdh 
hormone is capable of increasing milk yields of hypophysectomized rats 
injected AAuth prolactin (22), it is possible that alterations in growth hor¬ 
mone release may haAm played a part in the results. Because injections of 
prolactin are most effecthm in restoring lactation in the hypoph 3 'sectomizecl 
rat (12), it Avould appear most likely that the present results AA^ere due to a 
deficienc}’’ in the output of pituitaiy lactogenic hormone (prolactin) and 
possibl}^ ACTH and groAAdh hormone as well. 

The rebound increase in milk jdeld noted in some of the rats during the 
first postoperathm Aveek is reminiscent of the “normal interphase” of dia¬ 
betes insipidus. This latter is supposed!}^ due to the release of ADH from 
the distal ends of the cut fibers of the supraoptico-h 3 ’’poph 3 '’sial tract (24). 
Could a similar release of the neurohumor regulating pituitar 3 '^ lactogenic 
hormone secretion account for the findings in these lactating rats with 
lesions? 

Benson and CoAAue (18) haAm reported that posterior lobectom 3 ^ abolishes 
milk ejection in the rat, but that injections of ox 3 docin permit AAuthdraAA^al 
of milk sufficient to sustain litter groAvth at a rate onl3'^ slightl3'’ beloAA^ noi- 
mal. In these experiments, in contrast to those reported here, there Avas a 
dissociation betAA^een the lack of milk ejection and milk secretion. This 
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may be accounted for by the possibility that in their experiments there 
was a secretion of neurohumor from the median eminence into the h}"- 
pophysial portal vessels. This neurohumor reaching the anterior lobe in 
high concentration via the portal vessels might be sufficient to stimulate 
lactogenic hormone release, whereas when it reached the mammary glands 
after being diluted in the sj'^stemic circulation, it would be incapable of 
inducing milk ejection. Consistent wdth this idea that some neurohumor 
(oxytocin) secretion might have still occurred after removal of the neural 
lolje in their animals is their finding that after remating and parturition no 
deficiency of milk ejection wms present in the succeeding lactation. 

Cross and Harris (5) reported a block of milk ejection in rabbits after 
lesions in the supraoptico-h 3 ’'poph 3 ’-sial tract but found that milk secretion 
was not greatl 3 '’ affected, again in contradistinction to the present results. 
Rats apparentl}'^ differ from rabbits in that in rats the suckling stimuli 
must continue over most of the 24 hour period to sustain normal milk 
secretion, whereas Cross and Harris (5) and later Donovan and Van der 
Werff ten Bosch (25) found normal growth of litters of rabbits allowed to 
suckle only once dailJ^ It is also possible that the difference between their 
results and those reported here may have been due to a less complete in¬ 
terruption of the supraoptico-hj'^pophysial tract in their experiments. 
Recently, Donovan and Van der Werff ten Bosch have similarlj’- reported 
no interference with milk secretion in rabbits with hypothalamic lesions 
(25), whereas pituitary stalk section often left milk jdeld normal but poor 
in quality. Here, oxytocin was alwaj'-s given to the rabbits with lesions 
prior to the nursing period of the litter, making it impossible to judge on 
physiological grounds whether or not a deficiency in the secretion of 
oxjdocin was actually present in their animals. 

The results with oxjdocin and Pitressin confirm the findings originall}" 
reported by Benson and Folley (11) that these materials delaj'- mammaiy 
involution. Oxytocin appears to have the major action in this regard 
though the action of Pitressin is also considerable. It appears likel}" that 
the vasopressin molecule may have some intrinsic activitj’’ in this regard 
as analogously vasopressin possesses one fifth the activitj’^ of oxjdocin in 
evoking milk ejection (26). It has previously'- been demonstrated bj’^ Brad¬ 
ley and Clarke (27) that injection of oxjdocin directly'- into the ductile 
system of the breast of rabbits has no stimulatory effect in contrast to the 
known direct stimulatory'- action of lactogenic hormone (28). Furthermore, 
Benson and Folley' have shown that oxy'tocin has no action in delay'ing in¬ 
volution of the breast in the hy'pophy'sectomized rat (11). Consequently', 
it appears that tlus action of oxytocin is not exerted locally on the breast 
and that it requires the presence of the pituitary'. Since lactogenic hor¬ 
mone injections produce a similar retardation of involution (9), it is reason¬ 
able to suppose that the action of oxy'tocin is exerted Ijy- stimulating a re¬ 
lease of prolactin. As the effect of oxy'tocin persists in the rat with hy- 
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pothalamic lesions which should block any neural control of lactogenic 
hormone secretion, it appears likely that oxytocin stimulates the release 
of lactogenic hormone from the pituitary by a direct action on this gland. 

The explanation for the slightly diminished involution of the breast 
found in the saline-injected rat with lesions is not known. It is conceivable 
that this represents residual lactogenic hormone secretion in the rat with 
a lesion. Everett (29) has described persistent luteotrophin secretion in 
hypoph 3 ^sectomized rats bearing pituitary grafts. 

In the rat it appears that pituitary lactogenic hormone and luteo¬ 
trophin may be identical (30). If this be so, then oxytocin should also 
stimulate the release of luteotrophin. Indeed, it has already been reported 
that oxytocin can induce pseudo-pregnancy in the rat (31, 32), and Benson 
and Eolley reported mucihcation of the vagina in their oxytocin-injected 
rats (11). Part of the effect of oxytocin in delaying mammary involution 
may be due to progesterone secretion. 

Grosvenor and Turner (33) have reported that oxytocin injection re¬ 
sults in a relatively small decrease in pituitary prolactin content when 
compared to the decrease that follows suckling. They have interpreted this 
result as being contrary to the thesis that oxytocin stimulates prolactin 
release. Our results also indicate that the doses of oxytocin injected did not 
replace the effect of normal suckling stimuli by any means completely. The 
breasts of oxytocin injected animals were usually not in a fully lactational 
condition and oxytocin injections did not return lactation to normal in rats 
with lesions. 

As in the case of the effect of vasopressin on ACTH release (1-3), the 
dose of oxjdocin required to produce apparent lactogenic hormone release 
from the pituitaiy appears to be much larger than the dose required to pro¬ 
duce effects in the peripheiy, in this case milk ejection. Oxjdocin may still 
plaj^ a physiological role in stimulating the pituitarj’- if it reaches the gland 
in sufficiently high concentration after secretion into the hypophysial 
portal vessels. Alternatively, it is possible that the effects of oxytocin and 
vasopressin on the breast occur onlj" at pharmacological doses and that the 
true neurohumor ma}’^ be a closelj'^ related polj^peptide. 

Since a deficiencj'^ of oxytocin leads to a deficiency of milk secretion pre¬ 
sumably mediated bj^ a decrease in lactogenic hormone release, whereas 
injections of oxytocin appear capable of stimulating lactogenic hormone 
release by a direct action on the pituitary, it is suggested that oxytocin ma)^ 
be the neurohumor which stimulates the release of lactogenic hormone, or 
the complex of hormones which maintains lactation. Much more work is 
necessary to establish this hypothesis. 

A surprising incidental finding in the present stud}'' was the lack of cor¬ 
relation of oxytocin release as evidenced by milk ejection and ADH release 
as determined by polydipsia. Tins could be considered evidence for a view 
that ADH and oxytocin are synthesized and released by different neurons 
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of the supraoptico-h 3 ^poph 3 ^sial tract. Olivecrona (17) has alread}' sug¬ 
gested that the paraventricular nuclei preferential!}^ secrete oxytocin; 
however, so far we have no evidence in favor of this particular concept. 
Rather, it would seem more likely that the cells of both the supraoptic 
nuclei and paraventricular nuclei secrete either oxytocin or ADH (36). 
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INHIBITION OF TliE DEVELOPMENT OF THE BURSA OF 
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FOWL BY IQ-NORTESTOSTERONE' 
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ABSTRACT 

0.63 mg. of 19-nortestostcrone in 0.1 ml. of corn oil, when injected into the 
fertilized eggs of the white leghorn hybrid strain of chickens, "Wisco-whitc,” on 
the 5th day of incubation, completely inhibits the development of the bursa of 
Fabricius in both se.\cs. In the normal chick the bursal primordium appears as 
a proliferated epithelial mass dorso-caiidal to the embryonal cloaca on the 5th 
day of incubation. By 168 hours of incubation it forms a tubular structure; its 
terminal end enlarges into a bursal vesicle on the 10th day and becomes 
lymphoidal by the 15th day. The bursa is fully formed and lymphoidal in 17- 
daj' old chick embrjms. In 19-nortestosterone-treated embr 3 ’os the bursal 
primordium becomes highly vacuolated. Later it remains as a convoluted, 
short duct without forming the bursal vesicle. Thus the hatched chicks are 
bursaless. The secondary effects of this hormone on the rectal comple.v are the 
stunted growth of the ventral anal lip, increase of musculature in the dorsal 
lip and an attenuated proctodial canal with very few anal mucoid glands. 

I T IS known that the bursa of Fabricius and other Ij'mphatic tissues are 
considerabB^ reduced liy the administration of androgens in 3 ’^oung 
birds (1, 2, 3, 4). Me 3 Tr, Aspinall and Buchanan (5) found that when the 
androgen, 19-nortestosterone, was injected into the egg on the 5th day of 
incubation and the chicks examined grossR^ at 19 daj^s or post-hatching, 
there was a complete absence of the bursa of Fabricius as well as a reduc¬ 
tion in size of the thymus and spleen. This discover}'- provided the stimulus 
for making a histological stud}^ of the organogenesis of the bursa in 19- 
nortestosterone treated and normal chick embryos. It is the objective of 
this report to describe the results of this investigation. 

MATERIALS AND METHODS 

In the chick the bursal primordium appears as a proliferation from the dorso-caiidal 
epithelium of the embrj'onal cloaca on the 5th daj’’ of incubation (6). On this daj' 0.63 
mg. of 19-nortestosterone in 0.1 ml. of corn oil was injected at the pointed end of the 
fertilized egg and the opening in the shell \Yas sealed bj'- paraffin or collodion. Eggs 
injected with 0.1 ml. of corn oil were incubated with the hormone-treated eggs. The 
eggs were from a white leghorn hj'brid strain of chickens, the “13'isco-white.” 
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One treated and one eontrol embrj^o were removed at S-hour intervals from 120 to 
264 hours and thereafter two treated and two control embrj-os were selected at each 24- 
hour interval through da 3 ^ twentj’-one. Seventj'-eight embryos representing 29 stages 
were made available b 3 " this method of selection. One control and one hormone-treated 
embr 3 m for each da 3 " were studied in detail, a total of 58 embr 3 'os. 

The caudal portions of these embr 3 'os were preserved in Benin’s fixative and proc¬ 
essed in the usual manner. Sagittal sections of 10 thickness were cut and stained in 
Harris’ haemato.xylin-eosin. 

It was possible to determine the sex of the embr 3 ms b 3 r visualization of gross charac¬ 
teristics of the gonads onl 3 '- after 11 da 3 "s of incubation. Thus in 22 treated embr 3 -os 
10 were males and 12 were females. In 21 control embr 3 ms 12 were males and 9 were 
females. 

OBSERVATIONS 

Origin and vacuolization of the bursa of Fabricius 

a) 128 hours of incubation: At this stage the bursal primordium in the 
normal embryos appears as a proliferation of the endodermal epithelium 
in the dorso-caudal region of the embr 3 mnal cloaca (urodeum). Small vacu¬ 
oles are present in its dorsal aspect (Fig. 1). The origin of the proctodeum 
is indicated by a caudal depression which is lined b}'^ columnar epithelium. 

In 19-nortestosterone treated embiyos the bursal primordium shows 
man}'' large vacuoles distributed both dorsally and ventrally (Fig. 2). 

b) 168 hours of incubation: The vacuoles of the dorsal region of the 
bursal primordium fuse to form a bursal vesicle with a duct communicat¬ 
ing with the proctodial canal in the normal chick (Fig. 3). The bursal 
vesicle and the duct are lined by two to three layers of columnar epithe¬ 
lium, whereas the proctodial canal is lined by cuboidal or flat cells. The 
vacuoles in the ventral region of the bursal primordium gradually disap¬ 
pear. The proctodial canal is deep and is bounded by dorsal and 3'entral 
anal lips which are ivell developed and are of the same size. The embryonal 
cloaca extends into the ventral anal lip (Fig. 3). 

In 19-nortestosterone treated chicks, the bursal primordium persists as 
a mass of cells with large ventral vacuoles into 3vhich the proctodial canal 
opens. There is no formation of the bursal vesicle and duct. The proctodial 
canal is shallow and wide where the proctodeum opens into the ventral 
aspect of the vacuolated bursal mass. The ventral anal lip is considerably 
smaller than the dorsal anal lip (Fig. 4). 

Gi'owth of the bursal vesicle and 'plication , 

In the normal chick, the bursal vesicle, which was narrow in the previous 
stage, enlarges into a large vesicle after 216 hours of incubation. At 240 
Iiours of incubation the bursal vesicle is large and oval extending dorso- 
anterior to the embryonal cloaca. Folds arise from the vesicle due to the 
ingrowth of connective tissue (Fig. 5), and in these folds the cells are 
loosely arranged and are undergoing mitosis. Some of the epithelial cells 
are transforming into lymphocytes wherein there is condensation of 
chromatin. The bursal duct is narroiv and long, communicating with the 
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proctodial canal which is lined by cuboidal cells. The proctodial canal is 
deep and is bounded by dorsal and ventral anal lips of equal size (Fig. 5). 

The bursa in 19-nortestosterone-treated chick embr 3 ^os is a narrow tube 
which opens into a narrow, short proctodial canal bounded b}^ dorsal and 
ventral anal lips of unequal size. The ventral anal lip is short and stumpj’- 
(Fig. 7). Surrounding the terminal end of the bursal duct is a diffuse mass 
of epithelial cells which appears as a dark area (Fig. 7) representing the 
region of the bursal vesicle. The bursal duct is lined bj'- columnar epithe¬ 
lium which is pseudostratified, especiall}'^ at the terminal end. 

Development of lymphoid follicles in the plicated bursal vesicle 

On the 12th daj" of incubation the entire bursal vesicle in the normal 
chick is verj'^ plicated and solid epithelial buds arise from the folds. In 13 
and 14 daj”^ old embrims the buds are increased in size and number. During 
the 15th da}"- these buds are pinched off and many of them are becoming 
lymphoidal in nature. The bursa in 17 day old normal embryos is large 
and plicated, with many lymphoidal follicles (Fig. 6). Many eosinophils 
are found in the vicinity of these follicles. The bursal duct is narrow and 
communicates with a long and narrow proctodial canal, which is bounded 
by well developed dorsal and ventral anal lips (Fig. 6). Its ventral wall is 
thrown into folds while many anal glands are arising as epithelial buds 
from its dorsal wall (Fig. 6). Both the lips are approximately of the same 
size and there is slight bend in the dorsal anal lip. 

In the 19-nortestosterone-treated embrjms the bursal duct is highlj’- con¬ 
voluted, narrow and surrounded by muscular dorsal anal lip and a narrow, 
stumpy ventral lip. Unlike normal chicks there are veiy few small anal 
glands. These arise from the dorsal wall of the bursal duct (Fig. 8). The 
rectum, at this stage, has enlarged considerably and is filled with secretions 
(Fig. 8). 

Generalized development of the bursa and proctodeum occurs between 


Fig. 1. 128 hours of incubation in the normal embrjm showing the formation of the 
bursal primordium. Note the vacuoles in its dorsal aspect. XI14. 

Fig. 2. 128 hours of incubation, 8 hours after administration of 19-nortestosterone. 
Note the presence of large vacuoles in the bursal primordium. X114. 

Fig. 3. 168 hours of incubation—Normal. The bursal tube is formed communicating 
with the proctodial canal. The dorsal and ventral anal lips are of the same size. X114. 

Fig. 4. 168 hours of incubation—Treated. The vacuolated bursal primordium per¬ 
sists. The proctodial canal is wide and shallow, communicating with the ventral aspect 
of the bursal primordium. XI14. 

Abbreviations 

B—Bursa of Fabricius. D—Dorsal region. 

BD—Bursal duct. DL—Dorsal anal lip. 

BP—Bursal primordium. R—Rectum. 

BV—Bursal vesicle. V—Ventral region. 

C—Embryonal eloaca (Urodeum) VL—Ventral anal lip. 
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Plate 2 


Sagittal sections of the rectal legion of the chick embiyos. Fixative. Bouin s solution. 
Stain: Harris’ haematox34in-eosin. 
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the ISth and 21st da}^ in normal chicks. The mucoid anal glands also in¬ 
crease in number and size. The bursa, however, is greatl}’- attenuated to a 
short convoluted duct in 19-nortestosterone-treated chicks. The proctodial 
canal is short and narrow, bounded by a muscular dorsal anal lip and a 
short, stumpy ventral anal lip. Ver}”^ few mucoid anal glands develop. The 
rectum is large and thin-Avalled. 

DISCUSSION 

Effect of 19-nortestosterone in suppressing the development of the bursa of 
Fabricius 

Whether male gonadal hormones are Wmpholjdic or inhibit the forma¬ 
tion of new lj’^mphoc 3 des is still debated. Since there is accelerated destruc¬ 
tion of these cells in intact animals as compared to gonadectomized ani¬ 
mals, Doughert}’’ (7) thought that androgens were l 3 miphol 3 '’tic. Brauch- 
hardt ( 8 ) noted that testosterone propionate inhibited mitosis of the epi¬ 
thelial cells of the intestine of guinea pigs and causes considerable reduc¬ 
tion in l 3 ’'mph node weight. Agrel and Persson (9) indicated that testoster¬ 
one propionate inhibited the formation of desox 3 fpentose nucleic acid and 
correspondingly blocked cellular cleavage. 

Histological changes of the bursa in treated embryos show that in the 
initial stages there is vacuolization of the bursal primordium (Figs. 2 and 
4), but macrophages are not present, nor is there an 3 " degeneration of epi¬ 
thelial cells in that area as seen in the involuting l 3 miphoid tissues. In the 
later stages the bursa remains as a convoluted, short duct and the bursal 
vesicle does not develop (Figs. 7 and 8 ). It is interesting to note that irre¬ 
spective of the sex the bursal development is inhibited b 3 ’’ 19-nortestoster¬ 
one. This ma 3 ’’ be attributed to the suppression of the mitotic activit 3 ’’ of 
the cells in the terminal region of the bursal duct, thus confirming the 
views held b 3 '^ Brauchhardt ( 8 ) for the th 3 mius and other 13 '^mphoid tissues. 

In another series of experiments, the results of which will be described 
in another report, it was found that in the newl 3 '’ hatched chicks treated 
Avith 19-nortestosterone on 5th day of incubation, the th 3 mms and spleen. 


Fig. 5. 240 hours of incubation—Normal. The bursal vesicle is fullj' formed within 
which folds are appearing. Dorsal and ventral anal lips are of the same size. X21. 

Fig. 6. 17 daj-s of incubation—Normal. The bursa is fully formed with manj' Ij-mph- 
oid follicles. The proctodial canal is long, bounded by well developed dorsal and ventral 
anal lips. Note the presence of many anal glands along the dorsal wall of the proctodial 
canal. X13. 

Fig. 7. 240 hours of incubation—Treated. The bursal vesicle is absent and that region 
is represented bj- a mass of epithelial cells stained dark at the terminal end of the bursal 
duct. The ventral anal lip is short and stumpv. X21. 

Fig. S. 17 days of incubation—Treated. The bursa is absent, and the bursal duct is 
greath' reduced. The proctodial canal is short and narrow. A few small anal glands arc 
present in the basal region of the bursal duct. Note the well developed musculature 
in the dorsal lip and the short, stumpj- ventral lip. X13. 
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although present, were reduced 30 to 50% when compared to those of non- 
treated chicks. 

Although the present experiment was designed to suppress the develop¬ 
ment of the bursa in the chick, there were some secondar}^ effects of this 
hormone on the rectal complex. Both dorsal and ventral anal lips were 
long and well developed in the normal chicks and the proctodial canal was 
long and lined by manj^ large mucoid glands (Figs. 5 and 6). In 19-nor- 
testosterone treated chicks there was, however, unequal growth of these 
lips; the ventral anal lip was short and stumpy but the dorsal lip was 
highly muscular. Tlie latter may have been due to the myotrophic effect 
of this hormone and the former due to the delay in the growth of the poste¬ 
rior extension of the cloaca (Figs. 4, 7 and 8). This delay in the growth of 
the posterior extension of the embryonal cloaca may be due to the retarded 
growth and to the presence of the vacuolated bursal primordium in the 
posterior region of the cloaca (Fig. 4). Consequently, the proctodial canal 
was narrow and short with very fe^v anal mucoid glands. It is suggested 
that this caused the feces to accumulate in the cloaca, thus plugging the 
vent. The plugging ma 3 ^ be due in part to the short ventral anal lip and 
muscular dorsal lip and to the insufficient production of mucous secretion 
which acts as a lubricant in the normal chick. These effects were seen in 
the pheasant as well as in the chickens (10). 

Significance of this experiment 

The function of the bursa of Fabricius is still debated as bursectomy has 
no influence either on the somatic growth or on the gonads except for a 
slight increase in the size of the ovary (11, 12, 13, 14, and 3). Riddle and 
Krizeneckj'’ (11) could not observe an}’’ appreciable effect after bursectomy 
and thymectomy in body growth and gonadal activity in pigeons. These 
lymphoid tissues are so widely distributed that bursectomy and thymec¬ 
tomy are without appreciable effect. Gyllensten (15) and Gyllensten and 
Ringertz (16) have shown that partial thymectomy in guinea pigs causes 
hyperplasia of other lymphoid tissues. Recently, Metcalf and Buffett (17) 
have shown in normal, thymectomized and adrenalectomized mice a 
lymphocytosis response after the administration of thymic extract which, 
they believe, is caused by some “lymphocytosis stimulating factor” present 
in the thymus and not in the lymph nodes. Comsa (IS) and Comsa and 
Leroux (19), however, believe that in guinea pigs the lymphocytosis 
caused Ijy thymus extract is mediated through the adrenal in which there 
is hyperplasia of the medulla and a considerable reduction in the cortical 
region. Glick (3) indicates that bursectomy reduces the production of anti¬ 
bodies. Therefore, a complete suppression of the bursa with sufficient 
atrophy of other lymphoid tissues, especially thymus, by 19-nortestoster- 
one may open further avenues for elucidating the above mentioned prob¬ 
lems, especially the function of the bursa and other lymphoid tissues in 
general. 
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SUMMART 

0.63 mg. of 19-nortestosterone in 0.1 ml. of corn oil, Avhen injected on 
the 5th daj^ of incubation into the eggs of Wisco-white chickens, com- 
pletelj" inhibits the development of the bursa of Fabricius. The hatched 
chicks are, therefore, bursaless. 

In the normal chick the bursal primordium appears as a proUferated 
epithelial mass in the dorso-caudal region of the embrjmnal cloaca on the 
5th daj" of incubation. 168 hours of incubation, it forms a tubular 
structure communicating with the proctodial canal. Its terminal end en¬ 
larges into a vesicle after 216 hours. On the 10th da}^ the bursal vesicle 
becomes plicated; on the 12th da 3 '^ epithelial buds are given off which Idc- 
come lymphoidal in nature by the 15th daJ^ Thus, the bursa is fullj^ formed 
and Ij^mphoidal in 17 da}'’ old embiyos. 

There is vacuolization of the bursal primordium in earl}' stages in 19- 
nortestosterone-treated embryos. It remains as a convoluted short bursal 
duct without a bursal vesicle. It has been suggested that this may be due 
to the suppression of mitosis in the bursal primordium. 

The secondary effects of 19-nortestosterone on the rectal complex are 
the stunted grovdh of the ventral anal lip, increase of musculature in the 
dorsal lip and attenuation of the proctodial canal with few mucoid glands. 
These effects are correlated with the accumulation of feces in the cloaca. 
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THE DISTRIBUTION OP RADIOACTIVITY IN NON- 
EXCRETORY ORGANS OF THE MALE RAT AFTER 
INJECTION OF TESTOSTERONE-4-C'^ 

DAVID S. GREERS 

The Department of Medieinc, The University of Chieago, Chicago, Illinois 

ABSTRACT 

After the subcutaneous injection of physiologic amounts (about 0.1 mg.) 
of testosterone-4-Ci^ of high specific activity, significant concentration.? of radio¬ 
activity were found in several non-cxcrctory tissues of pubescent rats. 

The concentrations of radioactivity localized in ventral prostates and other 
accessory sex glands averaged about two and a half times as great as that in 
muscle. 

The average prostatic concentration of radioactivity in recently castrated 
animals was not significantly different from that detected in intact pubescent 
rats, but the levels were more variable from animal to animal in the castrates. 

The localization of radioactivity after tcstosteronc-4-C'< administration 
was not influenced by the presence of biliary fistulae. 

It is suggested that the radioactivity detected in the tissues probably repre¬ 
sented androgen or a derivative. 

E ndocrine regulation of metabolic processes involves the produc¬ 
tion, secretion, transport, and utilization of minute amounts of hor¬ 
monal material. In vivo, at the target organ level, the quantity of hormonal 
substance required to produce profound metabolic and anatomic changes 
is often so small that it is not detectable by even the most sensitive chemi¬ 
cal procedures. Isotope techniques, however, permit detection of such 
minute quantities of material that physiologic amounts of isotopically 
labelled hormones might be determinable in tissues. 

Previous investigators have been unable to find significant amounts of 
radioactivit}’- in the accessory sex organs of male animals after the admin¬ 
istration of radioactive labelled androgen. Barrjq Eidinoff, Dobriner and 
Gallagher (1) administered testosterone-4-C*'’ intraperitoneally in pro¬ 
pylene glycol to rats and mice; but their hormone preparation was of low 
specific activity (each animal received only 50,000-175,000 disintegrations 
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per minute) and significant concentrations of radioacti\dty were not de¬ 
tected in the sex organs of their animals. Holmes, (2) although primarily 
interested in the transport of testosterone by plasma proteins, also failed 
to find significant radioactivity in the sex organs of mature male mice 
after the administration of testosterone-4-C“. 

In the studies to be reported here testosterone-4-C^'’ of high specific ac- 
tivitj'^ was dissolved in sesame oil and administered subcutaneousl}^ to 
castrated and intact pubescent male rats in an effort to demonstrate the 
localization of the isotope in responsive tissues. 

METHODS 

In all experiments an attempt was made to duplicate physiologic conditions as 
closelj^ as possible. The dose of testosterone approximated the estimated requirement of 
0.1 mg. per day (3) and the steroid was dissolved in sesame oil and injected subcu¬ 
taneously with the expectation that slow absorption from a depot would simulate the 
probable continuous deliver}' of androgen from the testis. Initiall}', recently castrated 
pubescent animals were used in order to provide optimal conditions for demonstrating 



TIME (MINUTES) 


Fig. 1. Radioactivity (disintegrations per minute per mgm. dry weight) in the blood 
of 45-day old Spraguc-Dawley rats which had been given 1.3 microcuries of testosterone- 
4-C)h Each dot represents the radioactivity in the blood of an animal killed at the time 
indicated after administration of the isotope. Lines connect the values secured on one 
c.xperimcntal day. 
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androgen localization in accessory sex glands. Hooker (4) showed that pubertal sex 
accessorj" tissue is more sensitive to androgen than pre-pubertal or mature glands and 
it was felt that this enhanced sensitivity might be associated with an increased avidity 
of these tissues for testosterone. Castration, by removing the source of endogenous 
testosterone, would produce a state of androgen need in the partially developed accessory 
sex tissues. 

Testosteronc-4-Ci'* with a specific activity of approximately 12 microcurics per milli¬ 
gram was dissolved in sesame oil so that the final stock solution contained 6.5 micro- 



TIME (MINUTES) 

Fig. 2. Radioactivit}' (disintegrations per minute per mgm. dry weight) in the gastroc¬ 
nemius of 45-da3' old Spraguc-Dawlej' rats which had been given 1.3 microcurics of 
testosterone-4-C^'‘. Each dot represents the radioactivitj' in the gastrocnemius of an 
animal killed at the time indicated after administration of the isotope. Lines connect 
the values secured on one experimental daJ^ 

curies per ml. The experiments in which animals were sacrified at various post-injection 
times (Pigs. 1, 2, 3) were clone with 45 daj’^ old Spraguc-Dawley rats which had been 
castrated three daj's previouslj'. Each animal was given a 0.2 ml. subcutaneous in¬ 
jection of the stock solution in the dorsal neck region. Care was exercised to avoid leak¬ 
age of the oity solution from the injection site, and the injected area was vigorously 
massaged to insure even diffusion of the solution throughout the subcutaneous tissues. 
The animals were fed Purina chow for several daj's prior to the experimental period, 
but were given no food or water after the testosterone injection. 

At the time of sacrifice (with ether), a heart blood sample was obtained and then a 
large bore needle was inserted into the aorta of each animal through the beating left 
ventricle. The inferior vena cava was cut just above the diaphragm, and the anima 
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was perfused with 100 ml. of normal saline at a pressure of 4-6 feet of water. The se.x 
organs, which invariablj’ appeared bloodless, were then e.vcised under a dissecting lens, 
blotted, and homogenized in 2.5 ml. of water using glass tissue grinders. Samples of 
gastrocnemius were homogenized in a similar fashion. Aliquots of each homogenate and 
of diluted blood specimens (2 ml.) were transferred to weighed copper planchets and 
evaporated to dryness. The planchets w'ere then reweighed and radioactivity was 
measured in windowless gas-flow counters. Corrections were made for self-absorption. 



Fig. 3. Radioactivitj" (disintegrations per minute per mgm. diy weight) in the ventral 
prostate of 45-da3" old Sprague-Dawle 3 ^ rats which had been given 1.3 microcuries of 
testosterone-4-C’^. Each dot represents the radioactivit 3 ^ in the ventral prostate of an 
animal killed at the time indicated after administration of the isotope. Lines connect 
the values secured on one e.vperimental da 3 ^ 

All values were expressed as disintegrations per minute per milligram dr 3 ’ weight of 
tissue. 

In a second series of experiments in which all animals were sacrificed 300 minutes 
post-injection, 52-da3' old male Sprague-Dawde 3 ' rats weighing approximatel 3 ' 200 gm. 
were used. These animals w’ere fed a hormone-free diet containing multivitamins, and 
adequate salt mix, casein, alphocel, de.xtrin, Mazola oil, oleum percomorpheum and 
water for several da 3 "s prior to the experimental period (5). Some of these animals were 
castrated two da 3 "s prior to the injection of testosterone-4-C“. Others from the same lot 
were used intact. Each of these animals received 0.01 ml. of the stock solution per 10 gm. 
body weight. None of these animals was perfused. The muscle used for comparison was 
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tongue. Tissues were blotted and weighed before homogenization on a RoIIer-Smitli tor¬ 
sion balance. All other procedures used were the same as those noted above except that 
all values were e.xpressed as disintegrations per minute per 10 mg. wet weight of tissue. 


RESULTS 

Significant amounts of radioactivity were found in the blood, muscle, 
accessory sex glands, testis, adrenals, and intestinal walls of pubescent 
male rats after the administration of C-14 labelled testosterone. In Figure 
1 the concentration of radioactivity in the blood of 3-day castrated 45-day 
old rats is plotted against time. Although there were some irregularities, it 
can' be readily seen that the concentration of isotope dropped rapidty dur¬ 
ing the first four hours and then more slowly, the biological decay rate ap¬ 
proaching an exponential function. Radioactivity was detected 24 hours 
after administration in one animal. The radioactivity found in gastroc¬ 
nemius muscle followed a parallel course but was lower throughout (Fig. 
2). The isotope concentration in the ventral prostates of these animals also 
followed the same general course (Fig. 3) but the level was alwaj^s higher 
than that observed in the muscle and often greater than that in the blood 
of the same animals. Since perfusion removed very little of the radioac¬ 
tivity, it may be presumed that the isotope is muscle and prostate was lo¬ 
cated in extravascular spaces probabty bound to the cells. 

In occasional animals veiy high concentrations of radioactivity were 
found in the prostate. These unexpected results could not be explained by 
technical or dietaiy factors, both of Avhich were exhaustively searched for 
in other experiments. It may be that these exceptional values were related 
to the age of the rats, for the}'- were never noted in 52-day old animals. 

For the purpose of developing a standard procedure which could be 
utilized for physiologic comparisons, a 300 minute interval following ad¬ 
ministration of testosterone-4-C*^ was chosen as the time for sacrificing 
rats. This time was selected because at 300 minutes the rate of decline in 
the concentration of radioactivity in the tissues was becoming less rapid, 
but the isotope concentration was still sufficiently high to permit relatively 
short counting times. Fifty-two day old rats were used because, as previ¬ 
ously mentioned, the uptake of by the ventral prostate seemed to A'ary 
less from animal to animal at this age. 

A new device for presenting isotope concentration data was evolved, the 
ventral prostate/muscle ratio. This expression tends to cancel the effect of 
variations in circulating levels of radioactivity and thus makes results ob¬ 
tained at different blood levels more comparable (see below). The tongue, 
consisting largely of muscle which is not androgen dependent, is then a 
“baseline” tissue, and the ratio becomes an index of the avidity of the 
prostate for androgen-derived radioactivity. 

Under these conditions the special isotope localizing capability of 
ventral prostate was clearly brought out (Table 1). With but two excep- 
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tions the concentration of isotope in blood was exceeded bj" that in the 
ventral prostate. In both the castrated and intact animals the radioac¬ 
tivity in the prostates was vdth one exception substantial!}* greater than 
that in tongue muscle. In castrates the prostatic radioactivit}^ aA^eraged 
2.87 times as much as muscle; in intact rats the prostate concentrated 2.46 
times as much (P of both groups less than 0.001). There AA*as no significant 
difference betAveen the average ratios in castrate and intact rats, but the 
values in individual animals Avere more variable in the castrates. 


Table 1. The concentration op radioactivity (DPM/10 mg. wet weight) in the 

BLOOD, VENTRAL PROSTATES AND MUSCLE (tONGUE) OP 52-DAy-OLD RATS SACRIPICBD 
300 MINUTES APTER INJECTION OP TESTOSTERONB-4-C'* 



Castrate animals 



Intact animals 


Blood 

Ventral 

prostate 

Muscle 

VP/M 

Blood 

Ventral 

prostate 

Muscle 

VP/M 

7.1 

13.1 

3.0 

4.37 

3.2 

12.4 

3.9 

3.18 

12.2 

21.2 

8.1 

2.62 

3.7 

8.8 

4.1 

2.12 

9.1 

14.5 

6.0 

2.42 

3.9 

10.1 

3.3 

3.06 

4.9 

16.1 

2.9 

5.55 

9.8 

14.1 

10.7 

1.32 

5.7 

17.2 

4.8 

3.58 

3.7 

8.7 

4.3 

2.02 

7.5 

17.1 

6.0 

2.85 

6.0 

10.4 

4,8 

2.17 

10.1 

12.4 

7.6 

1.63 

6.6 

14.4 

5.6 

2.52 

14.3 

16.0 

6.0 

2.67 

6.6 

15.0 

5.6 

2.08 

13.4 

18.3 

6.4 

2.86 

5.8 

13.0 

4.6 

2.83 

4.8 

11.9 

4.6 

2.69 

3.0 

11.9 

4.3 

2.77 

5.6 

14.7 

4.8 

3.06 

6.2 

12.6 

5.2 

2.42 

14.0 

9.3 

10.2 

.91 





7.5 

12.1 

4.6 

2.63 





9.5 

9.1 

5.9 

1.54 





13.7 

14.1 

8.7 

1.62 





6.5 

14.4 

4.4 

3.27 





6.0 

16.0 

5.5 

2.91 





7.2 

16.8 

4.8 

3.50 





11.3 

16.6 

4.5 

3.69 





8.9 

16.8 

4.8 

3.50 





6.4 

16.2 

6.4 

2.53 





4.7 

14.8 

4.7 

3.15 





5.1 

9.9 

3.9 

2.54 





Mean 8.5 

14.7 

5.6 

2.87 

5.3 

11.9 

5.1 

2.40 


The influence of blood levels of the isotope AA'as demonstrated b}" ad¬ 
ministering seAmral doses of testosterone-4-C^^ (Table 2). It can be seen 
that the leA^el of isotope in blood rose progressiAml}'^ as the dosage of labelled 
testosterone AA^as increased, and the concentration in the tongue tended to 
folloAv that of blood rather closely. The concentration of isotope in ventral 
prostate, howeAmr, did not follow that of blood consistent!}* but AA'as higher 
than that in blood or muscle at all three dosages. 

It Avould be premature to state at this time that the radioactiAuty found 
represented testosterone or a physiologically actiAm androgen deriAmd from 
it. Preliminary experiments haAm, hoAA’-eAmr, suggested that the isotope 
content of the tissues has some direct relationship to the admini.‘:tered 
androgen. The major route of excretion of radioactiAot}* deriA*ed from tes- 
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Table 2. Effect of varying the dose op tbstosterone-4-C" on tub concentration 
OF radioactivity (DPM/10 mg. wet weight) in blood, ventral prostates and 
MUSCLE (tongue) OF 52-DAY-OLD rats castrated 48 HOURS PRIOR TO 
INJECTION AND SACRIFICED 300 MINUTES POST-INJECTION 


Dose 

Blood 

Muscle 

Ventral prostate 

VP/M 

.1 cc. 

2.2 

1.7 

5.7 

3.35 

.2 

3.5 

2.8 

8.0 

2.85 

.3 

4.1 

3.7 

G.5 

1.75 

.1 

1.7 

1.4 

5.3 

3.78 

.2 

2.3 

2.2 

5.7 

2.59 

.3 

4.4 

4.0 

10.1 

2.52 

.1 

1.2 

O.G* 

5.1 

8.50 

.2 

2.7 

2.3 

7.1 

3.09 

.3 

3.3 

3.2 

5.8 ■ 

1.81 


* Concentration too low for significant count. 

tosterone in the rat is via the liver (1). It is therefore of significance that 
common bile duct cannulation and consequent elimination of liver-excreted 
radioactivit}^ did not change the absolute concentration of radioactivity in 
the ventral prostate or the ventral prostate tongue ratio (Table 3). The 
tissue radioaetivity measured thus could not represent hepatic or intestinal 
degradation products of testosterone-d-C^'’ which had been reabsorbed 
from the gastroinestinal tract. 

The radioactivity in the seminal vesicles was of the same order of magni¬ 
tude as that found in ventral prostates after the administration of testoster- 
one-4-C^'*, but the concentrations were more variable from animal to ani¬ 
mal. In addition to muscle, salivary glands, adrenals, testes and the colons 
of bile cannulated animals were sampled, but in none of these tissues was 
there as high a concentration of the isotope as in the accessoiy sex glands. 
The higher levels of androgen derived radioactivity thus seemed to be con¬ 
fined to androgen dependent tissues. 

DISCUSSION 

The fact that radioactivity was localized in non-excretory tissues after 
testosterone-4-C*'' administration in these studies in contrast with the 
failure to demonstrate such localization by Bariy, et al. (1) can probably be 
explained on the basis of the high specific activity of this testosterone. With 


Table 3. The concentration of radioactivity (disintegrations per minute 
PER 10 mgm. wet weight) in the blood, ventral prostates and muscle 
(tongue) of rats with cannulated bile ducts 


Blood 

Prostate 

Muscle 

VP/M 



24.9 

4.9 

5.08 


12.3 

15.7 

11.0 

1.43 


5.3 

13.8 

6.0 

2.30 

IS 

9.4 

12.3 

5.1 

2.41 


1.5 

4.7 

2.6 

l.SO 


Mean 7.12 

14.3 

5.9 

2.GO 
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the product available, it was possible to inject 2.5-3.0X10® D.P.iN'I. and 
j^et keep the dose of testosterone within the phj’^siologic range of about 0.1 
mg. per animal. 

Despite the large amount of radioactivity injected tissue levels five 
hours after injection were in the range of 10-20 D.P.M. per 10 mg. wet 
weight of tissue. Such a yield ma}'- seem insignificant, but dilution in the 
animal is immense. The ventral prostate comprises less than 0.1% of the 
total volume of distribution in 52-da3'- old rats. Absorption from sesame oil 
is slow, and excretion of radioactivit 3 ’’ rapid; blood concentrations therefore 
never achieve ver 3 ’' high levels. At five hours post-injection it seems likel 3 ", 
from our experience and that of previous workers (1, 2), that most of the 
injected radioactivit 3 ’’ is in excretor 3 ’^ organs. Precise calculation is impossi¬ 
ble but these considerations have led us to conclude that 3 delds of radioac- 
tivit 3 " of the order of magnitude reported in this stud 3 '’ were to be expected. 

The fact that muscle and other tissues which are not frankl 3 ' androgen 
dependent attracted and held some of the radioactive isotope calls for some 
comment. Testosterone promotes protein anabolism generall 3 " (6, 7), and 
this process might well require the localization in muscle of the androgen 
or a derivative in a manner similar to that noted in accessory sex tissues. 
The close correlation between the blood levels of radioactivit 3 ’' and the con¬ 
centration in muscle suggests that the muscle localization ma 3 ’’ be a rela- 
tivel 3 '- passive phenomenon. The substantial^’’ greater concentration in ac- 
cessoiy sex glands would accordingl 3 '’ point to the existence of a more active 
localizing process in androgen-dependent organs. However, it is also possi¬ 
ble that this difference ma 3 ^ be due to the relative rates at which the tissues 
involved metabolize the isotope containing compound to another which 
does not remain in situ. Thus a more rapid dissipation of the androgen or 
its derivative in muscle would lead to a lower tissue level of isotope than 
that found in the ventral prostate. 

These results do not prove that testosterone is localized in the process of 
regulating cellular activities. Nevertheless, the fact that those organs which 
are most dependent upon androgen for their growth and function are the 
ones which maintain the higher concentrations of isotope after the admin¬ 
istration of testosterone-4-C'’‘ is suggestive. The identification of the iso¬ 
tope-bearing compound in the tissues is obviousl 3 '^ of prime importance, 
but the significance of these findings would be much the same if the radio- 
activit 3 ’ represented a metabolite or metabolites of testosterone. The regu¬ 
lation of such a suggested localizing mechanism as well as the controlling 
of the rate of dissipation of androgen 1 ) 3 ’^ tissues could be important aspects 
in the endocrine control of tissue metabolism. 
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WATER AND ELECTROLYTE CONTENT OF THE UTERUS 
OF THE INTACT AND ADRENALECTOMIZED RAT 
TREATED WITH RELAXIN AND VARIOUS 
STEROID HORMONES' 

DAVID M. BRENNAN^ and M. X. ZARROW 

Department of Biological Sciences, Purdue University, Lafayette, Indiana 

ABSTRACT 

The effect of relaxing administration on the water and electrol 3 'te content 
of the uterus of the intact and adrenalectomized, immature rat was determined. 
Uterine water response to the simultaneous administration of estradiol and 
relaxin was also measured. Relaxin (10 G.P.U.) caused a uterine water increase 
from a control value of 80.2% to 84.2%. Adrenalectomj' caused a 4 to 6-fold in¬ 
crease in sensitivit 3 ’ to relaxin and an increase in the magnitude of the response. 
Simultaneous administration of minimall 3 ' effective doses of relaxin and 
estradiol prevented the uterine water increase while intermediate doses resulted 
in an additive effect. Progesterone (2 mg.) partial^ inhibited the action of 
10 G.P.U. of relaxin while 1.25 mg. of cortisone acetate completel 3 ' inhibited 
the action of 10 G.P.U. of relaxin. The concentration of sodium underwent a 
slight increase at six hours following relaxin administration but at eighteen 
had fallen significantl 3 ' below the normal level. Potassium concentration under¬ 
went a slight decrease at six hours, but at eighteen hours had risen above the 
control level. 

I T HAS been known for a number of years that cj'^clic fluctuations in the 
water content of the uterus are under hormonal control (1), and that 
estrogen administration to immature rats causes an increased uterine water 
content, comparable to that obserr'^ed in late proestrus (2). It has been 
shown recentlj'- that relaxin administration to rats produces an increase 
in uterine water content, when given alone (3), or follo3ving pretreatment 
with estrogen (4). 

The present report is concerned with the relationship of relaxin to the 
steroid hormones in its action on the water and electroRte content of the 
uterus in the intact and adrenalectomized rat. Specific attention was paid 
to the influence of estradiol, progesterone, and cortisone on the action of 

Received August 11, 1958. 

‘ Aided b 3 ' grants from the Purdue Research Foundation and the Ortho Research 
Foundation. 

■ Present address: Endocrine Research Department, Squibb Institute for Medical 
Research, New Brunswick, New Jcrse 3 -, 

’ Relaxin was supplied under the trade name of Releasin (Lot No. 004093) through 
the courtcs 3 ' of Dr. Robert L. Kroc, Warner-Chilcott Laboratories, Morris Plains, 
New Jcrsc 3 -. 


907 



908 BRENNAN AND ZARROW Volxme64 

relaxin. Sodium and potassium concentrations in the uterus were deter¬ 
mined at various intervals following the administration of relaxin, in an 
effort to elucidate the mechanism by which uterine imbibition occurs. 

MATERIALS AND METHODS 

Immature rats of the Holtzman or Purdue strain were used throughout these studies- 
The animals were weaned at 21 days of age, and placed upon a liquid diet (10% glucose 
in the drinking water) for three days. This was found necessary in order to insure a 
consistent uterine water content of appro.ximately 80% in the untreated animals. 
Earlier studies had revealed abnormally high concentrations of water in normal uteri, 
which could be explained by the presence of estrogen in the food (5). In determining 
the role of the adrenal cortex on this phenomenon, animals were bilaterally adrenalec- 
tomized on the day of weaning, and placed on a liquid diet, (10% glucose and 1% 
sodium chloride in the drinking water). In addition, each animal received a single sub¬ 
cutaneous injection of 500 pig. dcsoxycorticostcronc acetate immediately following 
adrenalectomy. 

Estradiol was dissolved in sesame oil and injected in doses ranging from 0.005 gg. 
to 0.1 gg. Relaxin solutions were prepared from a stock solution of Releasin,® and ad¬ 
ministered in doses ranging from 0.05 G.P.U. to 100 G.P.U. All injections were made 
subcutaneously, and each injection was given in a volume of 0.1 ml. In previous e.xperi- 
ments (2, 3), it was demonstrated that maximum uterine water concentration following 
a single injection of cither 0.1 gg. estradiol or 50 G.P.U. relaxin occurs six hours after 
administration. Accordingb'all treated animals were killed six hours following injection. 

The animals were killed by ether, weighed, and the uterus quickly removed from 
the body cavity. The uterus was dissected free of fat, and a longitudinal incision made 
in the antimesometrial surface, extending from the ovarian end to the cervical junction, 
in order to allow the escape of lumcnal water. The uterus was then gently rolled on 
bibulous paper to remove water adhering to the outer surface, and weighed to the 
nearest 0.1 mg. on a torsion balance. The uteri were dried in a vacuum oven at 50° C, 
weighed again, and the water content calculated. 

Dried uterine tissue was wet ashed in a 2 ml. mixture containing five parts con¬ 
centrated nitric acid to one part perchloric acid. This mixture was then dry ashed at 
550° C for 12 hours. The ashed residue was brought to 10 ml. volume with triple distilled 
water, and analj’zed for sodium and potassium content in the flame photometer. The 
“direct intensit)”’’ method was used for determination of both ions, since interfering 
ions were absent in the concentrations used. 

RESULTS 

The lowest dose of relaxin which increased significantly the per cent of 
water in the uterus of the intact rat was 1 G.P.U. (Fig. 1). This dose of 
relaxin increased the per cent uterine Avater from a control A’'alue of 80.2% 
to a value of 81.4%. Although an effect Avas obtained folloAving the admin¬ 
istration of 0.1 G.P.U. statistical analysis by the Newman-Keuls sequential 
range test demonstrated no significant difference at the 1% leAml. A maxi¬ 
mum response (84.2% Avater) AA'as obtained folloAAdng the injection of 10 
G.P.U. relaxin. Further increase in the dosage of relaxin to 50 and 100 
G.P.U. failed to elicit a significantly greater response. 

The administration of progesterone partially inhibited the increase in 
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Fig. 1. Increase in the per cent uterine water in the immature rat treated with 
rolii.vin. 

O—intact rat 
B—adrenalectomized rat 

uterine water content observed following administration of relaxin alone 
(Table 1). Treatment with 10 G.P.TJ. of relaxin and 2 mg. of progesterone 
increased the uterine water to 81.7% as compared with 84.2% for relaxin 
alone. Lower dosages of progesterone with the relaxin held constant at 10 
G.P.U. produced a corresponding!}'- smaller degree of inhibition. Doses of 
0.25 and 0.5 mg. progesterone failed to induce an}' inhibition of the action 
of 10 G.P.U. of relaxin on the uterine water content, while 1 mg. of pro¬ 
gesterone caused a 41% inhibition and 2 mg. progesterone caused a 61% 
inhibition. 

Adrenalectomy increased the uterine water response to relaxin. Although 


Table 1. Uterine water content of the 24-dat-old rat at 6 hours following the 

SIMULTANEOUS ADMINISTRATION OF RELAXIN AND PROGESTERONE 


No. of animals 

Rela.\in G.P.U. 

Progesterone, 

mg. 

Uterine water— 

% 


10 

_ 

_ 

80.1 +0.22* 


10 

10 

— 

84.2±0.32 


10 

10 

0.25 

83.9+0.42 


10 

10 

0.5 

84.3+0.38 


10 

10 

1.0 

82.5+0.20 


10 

10 

2 0 

81.7±0.30 



St.lntlard error of the me.Tn. 
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the slope of the curve for the adrenalectomized rat is not similar to that ob¬ 
tained for the normal rat it is possible to estimate an increased sensitivit}' 
of the order of 4 to 6 fold (Fig. 1). A significant increase in uterine water 
(82.0%) ^vas obtained with 0.1 G.P.U. of relaxin and a maximum effect 
(86.2%) was obtained following 100 G.P.U. of relaxin. Treatment with 
cortisone acetate inhibited the response of the adrenalectomized rat uterus 
to relaxin. A 44% inhibition was obtained with 0.5 mg. cortisone acetate in 
rats injected with 10 G.P.U. of relaxin and complete inhibition was ob¬ 
tained with 1.25 mg. cortisone acetate (Table 2). 

The simultaneous administration of relaxin and estradiol produced 


Table 2. Uterine ivater content of the adrenalectomized 24-day-old rat 6 iioun.s 

FOLLOAVING THE SIMULTANBOU.S ADMINISTRATION OF RELAXIN 
AND CORTISONE ACETATE 


No. of animals 


Relaxin, G.P.U. 


Cortisone acetate, 
mg. 


Uterine water- 
% 


10 

— 

— 

80.1 ±0.58* 

10 

10 

— 

84.9±0.46 

10 

10 

0.5 

82.8±0.56 

10 

10 

1.25 

80.0+0.50 

10 

10 

2.5 

80.9+0.42 

10 

10 

10.0 

80.0+0.40 


* Standard error of the mean. 


varied responses with regard to the uterine winter depending on the dosage 
of each hormone (Fig. 2). The simultaneous administration of 0.005 gg. 
estradiol and either 0.2 or 0.5 G.P.U. relaxin inhibited the response seen 
with relaxin alone at that level. 

Increasing the dosage of relaxin to 1 G.P.U. caused an additive effect, 
while further increases in dosage to 2 and 10 G.P.U. produced no greater 
degree of water imbilDition than that ol^served with relaxin alone. When 
the level of estradiol was raised to 0.01 //g., the antagonism between the 
two hormones was apparent only at the lowest dosage of relaxin admin¬ 
istered. Each dose above this minimallj'^ effective level of relaxin caused an 
additive result, while the turn high relaxin dosages actually produced a 
sjmergistic effect on the uterine water response. When 0.02 /ig. estradiol 
w'as administered, no antagonism was present at any of the concomitantly 
administered relaxin doses, and in fact, a significant additive effect oc¬ 
curred with 1 and 2 G.P.U. relaxin. 

Concentrations of sodium and potassium in the immature rat uterus at 
definite time intervals following the separate administration of maximally 
effective doses of relaxin and estradiol are illustrated in Table 3. Following 
the administration of 0.1 jug- estradiol a rise in sodium from the contio 
level of 59.5 m.eq. to 74.0 m.eq. and a decrease in potassium from 62.0 
m.eq. to 40.0 m.eq. occurred at 6 hours. Thirty hours following hormone 
injection, the sodium level returned to normal, and the potassium con 
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Fig. 2. The effect of simultaneous administration of estradiol and rela.xin on the 
per cent uterine water in the immature rat. Note: Uterine water responses to the three 
levels of estradiol, when administered alone, are indicated in parentheses. 

centration returned to a point approaching the normal level. Six hours 
after the administration of 50 G.P.U. relaxin there was a rise in sodium to 
67.5 m.eq., and at 18 hours a drop to 46.5 m.eq. had occurred. This was 
accompanied bj'’ an increase in potassium from 55.0 m.eq. at 6 hours to 


Table 3. The effect of uelaxin and estradiol on the concentratio.n 

OF SODIUM and POTASSIU.M IN THE UTERUS OF THE 24-DAY-OLD R.AT 


Treatment 

Time 

post 

injection 

No. of 
animals 

Uterine 

water 

% 

m.eq. 

Na/Kg. 

wet 

wgt.* 

% 

change** 

m.eq. 

K/KG. 

wet 

wgt.* 

% 

change** 

None 

0 

5 

80.2 

59.5 

— 

62.0 

_ 

Relaxin (50 G.P.U.) 

6 

5 

84.4 

G7.5 

4-13** 

55.0 

-11 

Relaxin (50 G.P.U.) 

18 

5 

82.0 

4G.5 

+22** 

101.0 

+G3** 

Rchaxin (50 G.P.U.) 

30 

5 

79.G 

G1.5 

+ 3 

51.0 

— 21** 

Estradiol (0.1/ig) 

G 

5 

8G.0 

74.0 

+25** 

40.0 

-35** 

Estradiol (0.1 ng) 

30 

5 

82.2 

G1.5 

+ 3 

55.0 

-11 

None (ADX) 

0 

5 

80.1 

54.0 

- 8** 

110.0 

+75** 

Relaxin (50 G.P.U.-ADX) 

G 

o 

85.5 

49.0 

- 8** 

90.0 

-18** 


m.eq./L. 


* ni.cq./Kg. Wot Wgt. = 100 XIO'. 


Wot Wgt. 

** Indicatos significant difTorcnce from control value as determined by the Student “t” 
test at the 1% level of significance. Electrolyte concentrations of the adrcnaloctomized ani¬ 
mals which received relaxin were compared with those of thc_ adrcnaloctomized controls .\11 
others were compared with electrolyte concentrations of the intact controls. 
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101.0 m.eq. at 18 hours. As is the case with estradiol, both sodium and 
potassium levels had returned to points approaching normal, 30 hours after 
relaxin administration. In adrenalectomized animals the potassium level 
was significantly higher than in the intact controls, while the sodium con¬ 
centration was slightly Inwer. Both underwent a decrease 6 hours following 
the administration of relaxin. 


DISCUSSION 

The present results indicate a similarity in action of the two hormones, 
estradiol and relaxin, in their ability to cause an increased uterine water 
content in the rat. These data confirm the finding that relaxin can produce 
this effect without the necessity of previous priming with estrogen (3). In a 
series of other effects produced by relaxin, such as separation of the pubic 
symphj'sis of the guinea pig and mouse (6, 7), dilation of the uterine cervix 
in the cow and sow (8, 9), and inhibition of uterine contractions in the rat 
(10, 11), it was necessary to first sensitize the responsive tissue with estro¬ 
gen. 

The role of the adrenal cortex in this phenomenon has heretofore been 
rather neglected. Szego and Roberts, (12), in studying pituitary-adrenal 
cortical relationships to the uterine water phenomenon, found that adre¬ 
nalectomy significantly enhanced the response to estrogen. Our results have 
indicated a similar role of the adrenal cortex in reducing the uterine water 
response to relaxin administration. The sensitivity of the uterus to relaxin 
is increased b}" a factor of 4 to 6 following adrenalectomy. The minimal 
effective dose of the hormone is decreased and the maximum response is 
increased. Further evidence in support of an effect by the adrenal cortex in 
this phenomenon is illustrated by the finding that administration of 0.5 
mg. cortisone acetate partially inhibits the uterine water increase observed 
following 10 G.P.U. relaxin, while 1.25 mg. cortisone acetate completely 
blocks the response. Progesterone also produced a partial inhibition of the 
action of relaxin on the uterine water. In this respect both cortisone and 
progesterone had the same action in preventing or partiall)'’ inhibiting the 
increased uterine Avater content folloAving relaxin or estradiol (12). 

The mechanism of action of both estradiol and relaxin in causing the 
uterine Avater increase is at present not clear, but the depressant action of 
the adrenal cortex Avould appear to suggest that the electrolytes may be 
invoh^ed in this phenomenon. Talbot et al. (13) correlated a rise in sodium 
concentration AAuth the increased uterine water content, at 6 hours folloAA^- 
ing estrogen administration and demonstrated a rise in potassium content 
at 30 hours, Avhich Avas the time at AAdiich a secondary rise in percent AA^ater 
and drj'- AA'eight of the uterus occurred. Our findings indicate that the 
electrolyte pattern folloAving relaxin administration generally folloAA'S the 
picture observed folloAAung estrogen. 

There appears to be no doubt that a similarity in action exists between 
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estradiol and relaxin. Furthermore, an actual potentiating action of relaxin 
with estrogen has been noted in the rat (14), and in the mouse (15). The 
present results indicate that the simultaneous administration of estradiol 
and relaxin ma}'- lead to an inhibition of the effect seen with relaxin alone 
or to a S3mergism. "V^niile minimallj'' effective doses of estradiol and relaxin 
cause a depression of uterine water content, other dosages show either an 
additive effect or no effect, different from that observed following either 
hormone, when administered alone. There appears to be no definite ratio 
of these hormones at which sjmergism results, but the data definiteh’ indi¬ 
cate a true complemental action. 

It is obvious that the relationship of the two hormones in their action 
on uterine water content of the rat is not a simple one. 
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ENDOGENOUS AND EXOGENOUS VASOPRESSIN 
ON ACTH RELEASE' 
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Departme7it of Physiology, Baylor University College of Medicine, 

Houston, Texas 

ABSTRACT 

Simultaneous studies of the release of antidiuretic hormone (vasopressin, 
ADH) and corticotrophin (ACTH) were performed in unanesthetized trained 
dogs. Antidiuresis was used as the index of ADH liberation and plasma free 
17-hydroxy-corticosteroid levels were used to indicate ACTH release. No 
correlation was observed between discharge of ACTH and release or inhibition 
of the release of ADH. Further studios with highly purified vasopressin showed 
that exogenous ADH was unable to stimulate the secretion of ACTH until a 
threshold of 3-7X10^ times the dose reproducing maximal physiologic anti- 
diuresis was exceeded. The physiological significance of the data evidencing 
ACTH release upon injection of vasoprc,ssion is debated and questioned. 

V ASOPRESSIN (ADH) ha.s been propo.sed as the ultimate mediator 
of ACTH release on the grounds of several arguments based on in¬ 
ferential conclusions (1) and on the observation that injection of large 
quantities of the pressor antidiuretic fraction of the posterior lobe of the 
pituitary stimulates release of ACTH (2, 3, 4, 5, 6). In accordance with 
this hypothesis, one would expect that acute release of endogenous ADH 
should associate with observable signs of increased ACTH secretion. Were 
this not the case, a strong argument would have been procured against the 
vasopressin theory. To study the validity of this assumption, ADH release 
as ascertained b}^ the degree of ensuing antidiuresis was induced by intra¬ 
carotid injections of hypertonic saline in conscious trained dogs and pitui¬ 
tary-adrenal function was explored simultaneously by measurement of 
plasma free 17 -h 3 ’drox 3 "-cortico.steroid levels. The minimal amount of 
liighR purified vasopressin that would produce ACTH release upon injec¬ 
tion in the carotid was also determined and related to amounts of endoge¬ 
nous vasopressin referable to physiological antidiuresis. 

MATERIAL. AND METHODS 

Preparation and care of the aiiimals. Three female clogs weighing 14, 15 and 18 kg. 
were prepared with a carotid loop and trained for intracarotid injections and measure¬ 
ment of diuresis in the conscious state according to the methods of Vernc 3 " (7). 
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Measurement of diuresis and stimulation of aniidiuresis. The technique chosen for 
Jiydration was that of van Dj'ke (S) which requires two successive water loads by 
stomach tube. During the second load, urine was collected by means of indwelling 
catheters at 5 minute intervals; the volume was recorded as average flow per minute 
per period of collection. Endogenous ADH release was obtained by intra-carotid injec¬ 
tion of hypertonic saline (4 to 8%) prepared and administered according to Verne}’ (7) 
i.e. total volume of 2.0 ml. injected over 5-20 seconds. The per-cent-change of urine 
flow from the pre-injection level to the lowest flow observed after injection (% anti¬ 
diuresis) was used as a convenient quantitative expression of the antidiuresis obtained. 
Lysine-vasopressin (LVP) was prepared b}’ the method of "Ward and Guillemin (9) 
and further purified by electrophoresis. The doses of LVP injected ranged from 0.066 
to 2.12 units. These were injected in 2 ml. of 0.9% saline into the carotid artery over 
a period of 60 seconds. The specific activity of the preparation used was 260 u./mg. 
when assa}’ed against the USP Posterior Lobe Reference Standard in the rat treated 
with dibenamine (26). 

Assess77ie7it of ACTH release. ACTH release was assessed by serial measurements 
of the plasma free 17-hydroxy-corticosteroid (170HC) levels. 170HC were determined 
by the method of Nelson and Samuels (10) on 20 ml. blood samples. Blood samples 
were taken from the carotid arter}’ immediatel}’ before and 15 and 60 minutes after the 
injection of hypertonic saline or LVP. The experiments were planned so that no more 
than 120 ml. of blood were drawn within a single week from each animal. All samples 
were collected between 11:30 a.m. and 2:00 p.m. With this method, our range for normal 
(resting) concentrations of 170HC is 0 to 8 pg./lOO ml. of plasma. These values are 
based on approximately 150 single determinations; they are in agreement with what has 
been reported in the literature using the same method and on plasma samples obtained 
at similar times of the diurnal rhythm (30). 

RESULTS 

Endogenous ADH 

a. Inhibition of release. (Fig. 1). During the training procedure, a num¬ 
ber of blood samples were drawn from the dogs in various stages of the 
period of hydration and diuresis. When these 170HC concentrations and 
the values at Time zero (i.e. at time of maximal diuresis) in subsequent 
experiments were plotted against the urine flow per minute, no correlation 
between the variants was evident. Inhibition of the release of ADH can 
thus be obtained simultaneously with evidence of stimulation of the re¬ 
lease of ACTH. 

b. Slimulalion of release. (Table 1). The amounts of h 3 ’pertonic saline 
administered were limited bj' the intrinsic irritant effects of the h3'pertonic 
solution for each dog, as some discomfort was observed in most instances 
(7). This was manifested by smacking of the lips,'whining, stretching of 
the e.xtremities and occasional mild struggling. In 10 e.xperiments the anti¬ 
diuresis so obtained varied from modei’ate to maximal. In S of these experi¬ 
ments no change of the corticoid levels was observed over the 60 minutes 
of stud 3 ', irrespective of the antidiuresis produced. In 2 of these experi¬ 
ments, increased plasma 170HC levels were observed; in both of these, 
technical errors had provoked extremeh' painful reactions of the animals. 
In one of these experiments, most of a 2 ml. dose of S% saline was ex- 
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Fig. 1. Scattcrgram of 170HC related to urine flow. 
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travasated; there was only a minimal antidiuretic response. In the other, 
the 2 ml. of 8% saline were injected within 5 seconds, the dog leaped off 
the table and howled in obvious reaction to acute pain. 

Exogenous ADH. (Table 2). The injection of LVP was always followed 
by maximal antidiuresis, blanching of the gums, and marked bradycardia. 
A very distinct rise in t]]e 170HC levels was observ^ed with the larger doses. 
A threshold for ACTH release was found in each dog. In 2 animals it was 


Table 1. Endogenous Al^H. Injection of iiypebtonic saline in the carotid artekt. 
Measurement of antidiuresis and levels of plasma 170HC 
(ten trials in 3 dogs) 


Time of 
sampling 


Plasma 170HC concentrations in ^ig./lOO ml. 


0 j 

0 

0 

S.G 

0 

8.6 

0 

0 

0 

0 

8.0 

15 minutes 

0 

0 

8.2 

0 

7.3 

— 

— 

0 

0.2 

16.4 

GO minutes 

0 

0 

7.3 

0 

-- 

0 

0 

0 

16.7 

14.5 

% Antidiuresis 

48 

51 

34 

69 

100 

78 

SI 

88 

100 

21 


Table 2. Exogenous ADH. Injection of lysine-vasopressin in the carotid artery. 
Measurement of antidiuresis and levels of plasma 170 HC 
(13 trials in 3 dogs) 


Time of saniplins j 

Plasma 170HC concentrations in pg./lOO ml. 

0 

4.0 

0 

0 

0 

0 

0 

2.5 

4.1 

2.6 

1.9 

0 

0 

0 

15 minutes 

2.5 

0 

0 

2.1 

0 

0 

5.4 

5.6 

3.7 

4.6 

5.5 

5.S 

2,0 

60 minutes 

0 

0 

0 

6.0 

0 

0 

2.5 

4.1 

8.2 

0 

4.7 

3.2 

6.2 

Doses ot LVP in USP 














Units 

.066 

.066 

.006 

.130 

.130 

.130 

.260 

.260 

.260 

.520 

.520 

1.4 

' ^ ^ 

% Antidiuresis 

! 100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 
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0.260 u. while in the other, stimulation of ACTH release was obtained with 
0.130 u. The anti diuresis was so profound in each experiment that compari¬ 
son of the antidiuretic effects of the different doses of LVP was difficult 
to assess. In those experiments where a recoveiy of diuresis was evident 
l:)efore exhaustion of the water load, the time between the onset of anti¬ 
diuresis and a 50% recovery Avas calculated. These figures indicated a 
quantitatwe relationship betAveen dose and duration of antidiuresis but 
no correlation Avith the pituitarj^-adrenal stimulation. The stimulation of 
ACTH release appeared as an all-or-none t 3 "pe of response AAuthin the 
range of doses of LVP administered. There AA'as no relation betA\*een the 
dose of LVP and the 15 or 60 minute response once the threshold of stimu¬ 
lation of ACTH release had been exceeded. The most common response 
consisted of a peak at 15 minutes, folloAA’ed b}" a fall at 60 minutes. In three 
experiments the 15 minute peak AA'as not observed but an almost linear 
climb to a high 60 minute response AA-as observed. The pattern of the re¬ 
sponse AA'as not related to the dose of vasopressin administered. 

DISCUSSION 

It might be argued that a lack of correlation betAveen degrees of anti¬ 
diuresis and leA^els of plasma 170HC in the dog, a species Avhere these are 
usuall}^ verj' Ioav, is only due to a large difference in sensitiAut}" of the tAvo 
phenomena to their respectiA'^e affectors. 

The data aA’-ailable in this paper do not proAude a quantitatiA''e ansAver 
to this question. HoAveA^er, numerous obserA''ations of increased leA’^els of 
170HC upon stimulation of endogenous ACTH release haA’^e been ob¬ 
tained in this series of experiments. (Fig. 1, Tables 1 and 2). It is interesting 
that these increases in plasma 170HC leA^els bore no relationship to the 
degree of antidiuresis obserA^ed concomitantly: some of the highest levels 
of 170HC obseiwed AA^ere found in the maximal diuresis of the water loading 
(Fig. 1) during the training period of the animals AA'hen it Avas an obAuousl}" 
“stressful” procedure to them. 

JeAvell and Verne}* haA^e reported (11) that the endogenous release of 
ADH to produce maximal physiological antidiuresis is in the range of 
12X10® molecules/second. KnoAA'ing the specific actiAuty of the lysine- 
A'asopressin used in these experiments at 260 units/mg., the molecules/ 
second administered can be calculated. Thus the threshold for ACTH 
stimulation is 4.2X10^- to 8.6X10’- molecules/second. This indicates a 
factor of 3.5X10® to 7.1X10® betAA’een the amount necessary for maximal 
antidiuresis and the threshold dose for ACTH stimulation. If only one- 
thousandth (1X10“®) of the dose injected into the carotid artery arrived 
at the receptor site for ACTH release, the aboA*e discrepancy could per¬ 
haps be explained on the basis of dilution alone. HoAA’eA^er, by the same 
reasoning, tlie endogenous ADH A\’ould liaA’e to reach this leA'el to stimu- 
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late ACTH release. This would dictate a maximal antidmresi.s each time 
ACTH is released. This is not .supported in this series of experiments 
the high levels of 170HC found during diuresis (Fig. 1) or by this observa¬ 
tion of a rise in 170HC concentration with only minimal antidiure.sis 
(Table 1). 

The administration of pressor extracts of the posterior lobe of the pitui¬ 
tary (Pitressin, Protopituitrin) or of highly purified vasopressins of natural 
or synthetic origin has been reported to produce stimulation of the pitui¬ 
tary-adrenal system (2, 3, 4, 5, 6). If this would appear of questionable 
meaning in the normal subject (3, 4, 6), the fact observed in preparations 
in which stress induced ACTH release was impaired or prevented (2, 5,12) 
has been taken as strong support of the theory proposing ADH as the 
physiological mediator of ACTH release. In reaction with this conclusion, 
it was pointed out (21, 25, 27) that the doses of vasopressin used in the ex¬ 
periments of these various authors are so large that they are of little sig¬ 
nificance to any mechanism underlying physiological phenomena. Indeed, 
explanations other than the above apparently obvious conclusions have be¬ 
gun to appear regarding the mechanism of action of these pharmacological 
doses of vasopressin (13, 14, 15). The results reported here have confirmed 
that highly purified vasopressin can produce pituitary-adrenal stimula¬ 
tion. This was done by injecting in the carotid doses of the material 
greatly in excess of those reproducing physiological antidiuresis. Con¬ 
versely, controlled release of endogenous ADH was never followed by evi¬ 
dence of ACTH release whereas definite signs of pituitary adrenal stimula¬ 
tion were obtained in conditions corresponding to no stimulation or even 
inhibition of ADH release (Fig. 1). A similar conclusion was recently 
reached by McDonald (16) in contradistinction to his previous position 
(3, 4). Onl)’’ a highly speculative theory could reconcile these data and the 
postulated role of vasopressin as the ultimate mediator of ACTH release. 
It would involve a differential release of vasopressin from the posterior 
lobe, to the periphery for antidiuresis, or to the anterior pituitaiy for 
ACTH secretion (by way of the short vessels Avhich have been described 
recently (17, IS, 19) or by the hypothalamo-hypophysial portal vessels). 
This h 3 ^pothesis has indeed Ijeen ventured b 3 '^ McCann in private discus¬ 
sions. The ph 3 "sioIogical complications inherent to this concept are rendered 
even more unnecessaiy b 3 ’^ the recent demonstration (20, 29) that stimula¬ 
tion of ACTH release can be obtained with a linear dose-response relation¬ 
ship b 3 ' peripheral administration of crude CRF preparations (Guillemin s 
fraction D), whereas equipressor doses of purified b’^sine vasopressin given 
b 3 '’ the same route are completeb’^ ineffective in stimulating release of 
ACTH. Stimulation of the discharge of ACTH by endogenous vasopressin 
ma 3 ’^ still be possible in these unusual stresses such as massive sudden 
blood loss where unusualb'^ large amounts of ADH appear to be released 
suddenly (22), Stimulation of the discharge of ACTH by exogenous vaso- 
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pressin will alwaj^s be possible if large enough closes of the material are ad¬ 
ministered. Since this is true in vitro (23, 24) as well as i?i vivo in animals 
with hypothalamic lesion or blockade (5, 13, 20, 29), it may be best ex¬ 
plained as previously proposed (14, 23) by an overlapping of activities of 
molecules closel}^ related structural!}" as seems to be probable for CRF 
and vasopressin. 
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DIURNAL VARIATION IN RESPONSE TO 
GONADOTROPIN IN THE MOUSE 

D. R. LAMONDi and A. W. H. BRADEN"- 

Department of Veterinary Physiology, University of Sydney, 

Sydney, Australia 

ABSTRACT 

With the use of immature mice 18-20 daj^s of age it was shown that a 
single injection of 0.1-10.0 i.u. chorionic gonadotropin (HCG) or pregnant mare 
serum gonadotropin (PMS) resulted in greater uterine and ovarian weights 24 
hours later if given in the afternoon as compared with the morning. A diurnal 
difference in response was also observed in ovarian but not in uterine weights at 
48 hours after injection. The diurnal variation in response was not apparent in 
mice aged 14-17 da 3 ^s, but was significant in 6 week old mice. In the latter the 
period of increased responsiveness was more restricted than in mice aged 20-22 
da3"s. 

A stud 3 ’ of the time-response relationships indicated that the greater re¬ 
sponse in organ weights at 24 hours was a consequence of an earlier beginning of 
growth rather than an increased rate of growth. Hypoph 3 'sectom 3 " and high 
doses of PMS and HCG (30 i.tr.) prevented the diurnal variation in response, 
which was also not apparent in the uterine weight response to a single injection 
of either oestradiol, post-menopausal urine gonadotropin or a crude extract 
of anterior pituitar 3 ' glands. 

It is concluded that there is a diurnal variation in pituitar 3 ' function and 
not in ovarian or uterine function. The results are discussed in relation to the 
gonadotropic hormones. 

I N STUDIES in this laboratoiy on the mode of action of A'-arious gonado¬ 
tropin preparations on the mouse ovaiy, the two responses examined 
iiave been ovarian weight and uterine Aveight. Previous Avork (12, 14), em¬ 
ployed a single injection technique in AAdiich the gonadotropin Avas ad¬ 
ministered subcutaneous^ in isotonic saline 44-46 hours before killing. 

Before this Avork could be extended to multiple injection techniques, 
particular^ spread OA'^er one daj', it Avas thought important to inA'^estigate 
the possibilit}" of diurnal A^ariation in response to a single injection. This 
AA'as prompted bj" the relationship knoAAm to exist between oestrus and OAm- 
lation and the diurnal rhj^thm of light and dark in mice and rats (1, 3, 9, 
17). Braden (2) has extended this Avork to sIioav that the time of ovulation 
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in mice is affected by changes in the relative length of the light and dark 
phases of the 24 hour cycle. In studies on the release of the ovulating hor¬ 
mone in rats, Everett and Sarvj^er (6, 7) have presented evidence which 
points to the presence of a diurnal rhythm in the excitability of the neural 
component of the "LH-release apparatus.” They have .suggested that be¬ 
tween 2 and 4 p.m. each day there was in their rats a characteristic excita¬ 
bility of the neural component of the ovulating mechanism and that the 
particular night during which oestrus and ovulation took place was de¬ 
termined by the interaction of this diurnal pattern and the oestrogen and 
progesterone produced bj'' the developing follicles. 

Preliminary work indicated that there is a diurnal rhythm in the sensi¬ 
tivity of the immature mouse to gonadotropin. The experimental approach 
was, firstl 3 '', to establisli clearl}'- this fact, and secondly, to determine the 
extent of the period of increased sensitivity. In addition, experiments were 
carried out to compare the time-response relationships in both uterine 
and ovarian weights to morning and afternoon injections, and to gain some 
indication of the mechanism of the diurnal rlDdhm. 

MATERIALS 

Animals. Immature female albino mice were weaned when lS-20 days old, c.xcept 
where otherwise indicated (E.xperiment IV). Injections commenced as soon as practi¬ 
cable after weaning. Large groups of mice of similar ago were available for each experi¬ 
ment; the method of breeding has been previousb’ dc.scribcd (4), In all e.xperiments 
the mice were allotted to experimental groups entirely at random. They were housed 
five mice per cage, each cage containing mice on a particular treatment. The conditions 
in the animal house were held constant at 78 + 2° P, 14 air changes per hour, and light: 
dark ratio of 12:12 hours (lights, fluorescent white, on 6 a.m.-G p.m.). 

All injections of gonadotrojjins, dissolved in isotonic saline, were made subcutaneously 
in the dorsal region. The injection volume was 0.1 ml. The mice wore killed bj' cervical 
dislocation and the body weights recorded immediately. The uteri and ovaries were 
dissected free of extraneous tissue under a binocular dissecting microscope and weighed 
on a torsion balance after pressing on filter paper. Tlic uteri wore weighed to tiie nearest 
0.5 mg. and the ovaries to the nearest 0.25 mg. 

Gonadotropins. The gonadotropic substances used in the majority of experiments 
were human chorionic gonadotropin (HCG)’ and pregnant marc scrum gonadotropin 
(PMS).- A large number of vials of tlic same batch of each substance was available. 

EXPERIMENTS AND RESULTS 

Experiment I 

The experimental design was a2X4X2X3 plus a 2X4X2X2 factorial. 
In the first, two gonadotropins, each at four dosage levels, were given in a 
single injection at either 9 a.m. or 9 p.m. This experiment was performed 
on three successive daj’^s. The second experiment, carried out concurrently 
with the first, was the examination of the effect of storage of gonadotropin 


^ Pregnyl and Gestyl obtained from Organon Laboratories Ltd., London. 
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over the period of the test. The total number of treatment combinations 
was 48 plus .32, of which 16 were common to both experiments. Since each 
group comprised five mice, a total of 320 mice were involved in the two 
experiments (Table 1). The mice were killed 24 hours after injection. 

An important consideration was the possible bias due to time from wean¬ 
ing to infection. This was overcome by allotting mice at random to each 
of the six times of injection (2 times per da}' for 3 days) prior to commence¬ 
ment of the experiment. Each batch of mice was then weaned twelve hours 
before the appropriate time. 

The dosage levels of gonadotropin were 0.22, 0.66, 6.6 and 20 nominal 
i.u. HCG and 0.11, 0.33, 3.3 and 10 nominal i.u. PiNIS. The two lowest 


Table 1. Schedule of operation’s in experiment 1 



Mice weaned 

Mice injected 

Mice killed 

Day 0 9 p.m. 

40 



Dav 1 9 A.M. 

40 

40 


9 P.M. 

40 

40 


Day 2 9 a.si. 

40 

40 

40 

9 A.M. 

SO 

40 

40 

Da}’ 3 9 A.M. 

SO 

SO* 

40 

9 P.M. 


80* 

40 

Daj’ 4 9 A.ji. 



80 

9 P..M. 



80 


* 40 mice were injected with fresh gonadotropin and 40 wore injected with the preparations 
given on Day 1 and stored for 4S hours. 


levels of each substance were expected to give responses which fell on the 
linear portion of the log dose-log uterine response curves (4) and the two 
highest levels, responses which were on the linear portion of the log dose- 
ovarian weight response curves (12). 

Immediately prior to injection a vial of gonadotropin was dissolved in 
the appropriate amount of isotonic saline to give a solution containing the 
highest dosage level in 0.1 ml. The lower levels were prepared by dilution. 
The sixteen solutions (two gonadotropins X four levels X two times of the 
day) employed on the first day were stored in the refrigerator and used 
again 48 hours later. 

The uterine and ovarian data Avere analysed separately but the statisti¬ 
cal methods Avere similar. The regressions of response on body AA'eight Avere 
calculated for eight groups of 20 mice; i.e., the six groups that receiA'ed the 
fresh preparation OA’^er the three days and the tAvo groups that receiA'ed the 
stored preparations on Day 3. The regression coefficients AA'ere examined 
for evidence of heterogeneity, x"( 7 ) = 13.62, 0.05 <P<0.1 (uterine AA'eights) 
and = 0.1 <P <0.2 (oA'arian Aveights). These results indicated 

that an overall regression could be used. Hence the group totals Avere cor- 
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rected for concomitant variation due to body -weight and the corrected 
totals were used in the anal 3 \sis. 

The value of the regression of log uterine response on log body weight, 
b = 1.12, and the value of the corrected within-group variance, EMS^ 
= 71.3, were similar to previous results (4). In addition the value for the 
regression of ovarian response on body weight, b-0.32, and the corrected 
within-group variance, EMSc = 0.37, are typical of results in this labora¬ 
tory. 

The data were analysed in t avo steps. 

(i) Comparisons were made Iretween preparations, doses, times of day 
and replications using tlie fresh preparations. 

(ii) Comparisons were made between preparations, doses, times of day 
and stored versus fresh materials for the results of the injections carried 
out on Day 3. 

The analyses of rmriance are presented in Table 2 (Appendix) and the 
results are shown graphicallj' in Figure 1. 

Uterine weight. The mean response to HCG was significantly greater 
than to PMS. The slopes of the log dose-log response lines were similar ex¬ 
cept for a significant^^ lower slope for the HCG at the evening injection, 
Avhich occurred because in the evening tlie loAvest leA^el ivas sufficient to 
give a maximal response. Time to time differences in response, that is time 
of day and replications, were significant and there was no interaction 



DOSE IN lU 

Fig. 1. The results of Experiment 1; showing diurnal variation in uterine and ovarian 
weights 24 hours after an injection of either PMS or HCG. Three replicates on successuc 
days. 







June, 1959 


DIURNAL RESPONSE TO GONADOTROPIN 


925 


between the tAvo, but it cannot be concluded from the anal 3 "sis in Table 2 
that differences in response between morning and evening injections were 
not entirelj" due to a linear time trend in sensitivity of the test animals. 
Hence it was important to examine the data further to establish the extent 
of time trends which were independent of time of day trends. This was 
done bj’- estimating the regressions of time on response for each of the two 
sources of A^ariation and comparing them in a t-test. There was a signifi¬ 
cant difference in response between morning and eA^ening injections in 
spite of the underl 3 dng increase in sensitiAdt 3 ’' OA^er the three da 3 ' period 
(ta27) = 2.24; P<0.05). 

The effect of storing the solutions in a refrigerator for 48 hours Avas a 
significant reduction in the response of the HCG preparations onl 3 ", indi¬ 
cating deterioration oA'^er the period. Lamond (11) and Claringbold and 
Lamond (4) could not find eAudence of deterioration in HCG substances 
Avhen kept for much longer periods than in this experiment. HoAveA^er the 
preparations AA'ere stored at high concentrations Avhereas the solutions 
Avliich deteriorated in the present experiment Avere at Ioav concentrations. 

Ovarian weight. Again it Avas apparent that there Avas no interaction be- 
tAveen time of da3^ and replication and as Avith the uterine responses it has 
been possible to shoAv that there AA^as a significant diurnal difference in re¬ 
sponse (tajT)=2.69, P<0.01). No significant difference Avas found be- 
tAA^een the stored and fresh materials on Da 3 ’’ 3. 

Experiment II 

In Experiment I the mice AA'ere killed 24 hours after the injection of 
gonadotropin—a time AAdien both uteri and oA’^aries Avould be in the rapid 
groAAdh phase. In AueAV of the greater response in uteri and oA'-aries Avhich re¬ 
sulted from the eA^ening injection of either gonadotropin, it AA'as thought 
adAusable to determine if this AA'ere due mere^A' to a faster initial rate of 
groAA’th or to an actual augmentation of the final response. The uterine 
AA-eight response is maximal b3' 40-48 hours (4) and the ovarian AA'eight re¬ 
sponse to HCG and PIMS at the dosage leA'els used in this experiment is 
maximal b 3 ' 40-60 hours (unpublished data). Structural changes such as 
the formation of haemorrhagic follicles and corpora lutea occur in the 
OA-aries after 60 hours. Therefore, in Experiment II the same four leA'els of 
each gonadotropin AA'ere administered to groups of randoml3' selected mice 
(fiA'e per group) Avhich were then killed 24 or 48 hours later. The mice 
AA’ere AA’eaned one hour before injection and the injections AA'ere giA'en at 
8-30 P.Ai. on one da 3 ' and 8-30 a.m. the next da 3 '. 

The data for both uterine and oA’arian AA-eights at 24 and at 48 hours AA-ere 
anal 3 'sed separatekv; the experimental design thus consisted of four 4X2 
factorials carried out concurrenth'. As in Experiment I the group totals 
AA'ei’e corrected for concomitant A'ariation due to bod3' AA’eight differences 
and the corrected totals used in the anah’ses of A’ariance AA’hich are sum- 
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marized in Table 3 (Appendix). The results ai-e shown graphically in Figure 

2 . 

Uterine weights. At 24 hours and 48 hours the mean response to HCG 
was greater than to PMS. This indicated that the levels selected were rela¬ 
tively more potent than the corresponding levels of PMS. The slope of the 
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HCG 
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30 
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Fig. 2. The results of Experiment 2; slioiving diurnal variation in both uterine 
and ovarian weights at 24 hours, but not in uterine weights at 4S hours after an injection 
of PMS or HCG. 
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log close-log response lines at 24 hours were similar, and as in Experiment I, 
the evening response was significantlj”^ greater than the morning response 
for both PMS and HCG. However b}' 48 hours when the uteri might be 
considered to have ceased growing there was no significant difference for 
either substance. Since all mice were injected over the same period of time 
it is clear that time changes in sensitivity, apart from the evening versus 
morning differences, cannot have accounted for significant differences at 
24 hours followed b}" no differences at 48 hours. 

Ovarian weights. At 24 hours the mean response to PIMS was significant!}" 
greater than to HCG, and the response to the evening injeetion of both 
substances was greater than to the morning injection. No difference in the 
slope of the log dose-ovarian weight response lines was demonstrated. At 
48 hours the mean response to PMS was much greater than to HCG and 
the slope of the dose-response lines Avas also steeper. There Avas a signifi- 
caAAtly gveatev response to the evenuAg injection of both gonadotropins. 

Experiment III 

The extent of the period of altered response in various groups of mice 
injected at different times of the day AA^as examined; the mice AA"ere killed 
24 hours after the injection. Mice of three different ages Avere used in three 
experiments carried out in successiA'^e AA'eeks. 

(a) Mice 14-17 da3"s old, AA^eighing 8-11 gm. AA'ere injected immediately 
after AA^eaning. The times of injection AA"ere 9 a.ai., 1 p.ji., 5 p.ai., 9 p.ji., 
1 A.M. and 5 a.m. Tavo dosage leA'^els of PMS, 0.5 i.u. and 5.0 i.xj. Avere 
given to groups of fiA^e mice at each time. 

(b) Mice 20-22 days old, weighing 10-14 gm., Avere injected immediately 
after AA'eaning. The times of injection AA'ere the same as those in III (a). 
Tavo dosage levels of PMS, 1.0 i.u. and 10.0 i.u., Avere given to groups of 
fiA"e mice at each time. 

(c) Mice 40-42 days old, AA^eighing 13-17 gm., that had been AA-eaned 
approximately three AA^eeks prior to the experiment were used. One Ica’cI 
of PMS, 1.0 I.u. Avas giA^en to groups of 7 mice at 8-30 a.m., 12-30 a.m., 
4-30 P.M., 8-30 p.M. and 12-30 p.ji. 

The bod}'' AA'eights referred to AA'ere the AA'cights recorded at slaughter. 
In (a) and (b) these AA'eights AA'ere similar to Aveaning AA'eights Avhereas in 
(c), in order to reduce variability in response (unpublished observations), 
the mice AA'ere AA'ithout food for the 24 hours of the test. Since these mice 
lost an aA'erage of 2 gm. in this period the actual AA'eight at commencement 
AA'ould haA'e been 15-19 gm. 

Both uterine and OA'arian AA’eights AAcre recorded for each mouse. The 
data Avere analysed as in the preA'ious experiments, the analyses of A-ariance 
are summarized in Table 4 (Appendix) and the results are shoAA'ii graphi¬ 
cally in Figure 3. The results refer only to the uterine AA'eights since the 
ovarian AA'eights gaA'e similar results. 
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Mice 14-17 days old did not show significant diurnal differences in re¬ 
sponse in either uterine or ovarian Aveights. Slightly older mice, however 
exhibited a period of altered responsiA'-eness in uteri and ovaries extending 
over the tAA^elve hours from midday to midnight. In the mice AA^hich AA^ere 
approaching puberty the period of altered sensitiAuty Avas reduced to a fcAv 
hours in the mid-afternoon. It should be mentioned that the ovaries in the 
youngest mice responded poorly; they Avere only slightly above control 
values even Avith the higher dosage. This undoubtedly accounted for the 


AGE -OF MICE (OAYS) 

<o-t2 y - y 

SO-2J O-O 

|«_,7 +-4. 



Fig. 3. The effect of age on diurnal 
variation in uterine weight response 24 
hours after an injection of PAIS. 


dose difference in the uterine response in these mice, Avhereas in mice a 
feAV days older the ovaries re.sponded aa'cII to both levels and the uterine 
AA^eight responses Avere maximal. 

Experiment IV 

It seemed likelj^ from the results of Experiment II that the diurnal dif¬ 
ferences in the responses obserA'ed at 24 hours might haAm been due to an 
earlier start of groAvth folloAAnng the OA^ening injection. An attempt AA^as 
made to test this hypothesis by establishing the time-response relationships 
for both uterine and oAmrian AA’cights oA'^er the period of rapid groAAdh. Tavo 
experiments Avere conducted; 

(a) Groups of fiA'^e mice AA^ere injected AAoth 1.0 i.u. or 10.0 i.u. PMS and 
killed 15, 20, 25 and 30 hours later. The times of injection Avere 9 a.m. and 
9 P.M. the daj^ after the mice Avere AA^eaned. 

(b) Groups of four mice Avere injected AA'ith 1.0 i.u. or 10.0 i.u. HCG 
and killed 15, 20, 25 and 30 hours later. The times of injection Avere 4 p.m. 
the day of weaning and 6-30 a.m. the folloAAOng day. 

The anal 5 'ses of Amriance are summarized in Table 5 (Appendix) and the 
results shoAvn graphically in Figure 4. The mean uterine response over the 
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period 15-25 hours for HCG and 20-30 hours for Pi\IS was significantly 
greater to the evening injection than to the morning injection. The time- 
log uterine weight lines Avere linear and parallel in each case. Thus the 
uteri commenced rapid growth earlier after evening injection and this ad¬ 
vantage Avas apparentl}’- maintained throughout the greater part of the 
groAvth period. It is of interest that after an injection of HCG the rapid 
groAA’th phase appeared to commence earlier than after PhlS. Since the 
experiments Avere conducted on different daj's it is not possible to be cer- 


-h - + AM 

^0 PM 


HCG 


Fig. 4. Time-response relationship for 
uterine and OA'arian weights following a 
single injection of HCG or PMS. 




tain of this, hoAA^eA’^er. There Avere no significant differences in the responses 
to the dosage leA’^els for each gonadotropin, each being maximal for uterine 
Aveight, hence the data Avere combined for the purposes of graphical repre¬ 
sentation in Figure 4. 

Onlj’- the data for the higher dosage leAml of PMS, (10.0 i.u.), haA^e been 
included in the analj'sis of OAmrian AA’eights. The responses to 1.0 i.u. 
PMS and 1.0 i.u. HCG AA-ere minimal, and the oA’arian responses to 10.0 
I.u. HCG AA'ere not sufficiently great to show significant effects with four 
mice per group. The response to 10.0 i.u. PiMS AA-as apparentl}" linear OA-er 
the period examined, and as AA'ith the uterine Aveights, the ovarian AA-eight 
response to the eA’ening injection AA-as significantly greater than that to 
the morning injection, indicating that there AA-as less delay before the com¬ 
mencement of OA\arian groAvth after the cA-ening injection. 
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Experiment V 

It was of some interest to determine if the diurnal variation in ovarian 
and uterine response was due to a diurnal rhythm of ovarian and perhaps 
also, uterine, responsiveness. These possibilities were examined in the fol¬ 
lowing way: 

(a) Forty-five mice, 18-20 days old and 10-12 gm. body weight, were 
hypophysectomized at 10 A.M.-12 noon, by a method described else¬ 
where (13). Eleven mice Avere each injected Avith 25 i.u. PMS at 9 a.m. on 
the second day after the operation, a further eleven at 7 p.m., and the re¬ 
mainder at similar times on the third day. Uterine Aveights Avere recorded 
22 hours after the injection. The hypoph 3 ’'seal fossa of each mouse after 
fixation in formalin Avas examined using a binocular microscope. The mice 
in Avhich pituitary remnants Avere observed Avere not included in the an- 
alj^sis. 

In each of the four gi-oups (2 times of dayX2 daJ^s) there Avere nine mice 
in Avhich the pituitary had been completely removed. The analysis of vari¬ 
ance (Table 6, Appendix) shoAvs that there Avere no significant differences 
betAA-een responses at the different times of injection. 

(b) Groups of 12 mice, half of aa-IucIa Avere ovariectomized, Avere injected 
Avith 2 ng. or 20 ^g. oestradiol in Avater and killed 24 hours later. They 
AA’ere injected at 8-15 a.m. or at 4 p.m. the second day after AA'eaning. Ovari¬ 
ectomy Avas performed one day after Aveaning. Body Aveights AA'ere 10-13 
gm. at time of killing. The analysis of Amriance presented in Table 6 shoAvs 
that there Avas no diurnal difference in the mean response in the ovariec¬ 
tomized mice or the normals. There AA-as lioAA'ever, a significantly greater 
mean response in the ovariectomized mice. It is possil^le that the anesthesia 
caused liver damage Avhich re.sulted in an enhancement of the effect of 
oestradiol through less efficient detoxication. 

(c) Experiment V (b) Avas repeated AA'ithout oAmriectom}'^ but the mice 
AA'ere killed at 16 hours. This AA’as done in case there aa^s an early diurnal 
difference Avhich might have been eliminated at 24 hours. The mice AA^ere 
injected immediatel}" after AA^eaning. The results are not presented in de¬ 
tail since there Avas again no significant diurnal difference in the uterine 
response. 

In both normal and oAmriectomized animals the response of the uterus 
to injected oestrogen Avas thus independent of the time of injection. 


Experiment VI 

Since it seemed that the factor responsible for the diurnal Amriation on 
uterine and oAmrian response Avas of pituitarj'’ origin it Avas thought likely 
that an extract of pituitarj'' tissue might abolish the obserAmd diurnal dif¬ 
ference. It Avas also thought advisable to determine AAdiether large doses of 
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PMS and HCG would affect the response. In addition an extract of post¬ 
menopausal women’s urine was tested. 

Five groups of each eight mice were injected at either 9 a.ji. or 7 p.ji. in 
either of two successive da 3 's. The}'- were weaned 24 hours before injection 
and killed 21 hours after the injection. The injections at each time con¬ 
sisted of; HCG—0.3 i.tr. (uterine weights) and 30.0 i.tr. (uterine and 
ovarian weights); PMS—as for HCG; sheep anterior pituitaiy extract, 
fraction II, AP—3 mg. (uterine weights). Bodj^ weights were recorded at 
death. 

The low level of HCG and PAIS was given as a control; the results of the 
anal 3 'sis of variance (Table 7, Appendix) show that there was a significant 
difference between a.m. and p.m. injections each da}^ and, unlike Experi¬ 
ment I, there was no significant da 3 '-to-da 3 ’' difference in response. The 
dose of AP was approximately equivalent to each of the low levels of HCG 
and PAIS. There were no significant differences between times of da}-- or be¬ 
tween da 3 's. The anal 3 'sis of the data of the high levels of PiMS and HCG 
is also shown in this table; there were no significant time-to-time differ¬ 
ences for either uterine or ovarian weight. There was however a signifi- 
cantl}'- greater mean uterine and ovarian response with PAIS. 

In another experiment the above results were confirmed, using an 0.5 M 
buffered saline extract of sheep pituitar}'- glands. The preparation of post¬ 
menopausal women’s urine (HMG) gave similar results to AP. 

DISCUSSION 

Alice injected with moderate doses of PMS and HCG in the evening 
clearly give greater uterine and ovarian responses 24 hours later than do 
mice treated similarl}' but injected in the morning. The phenomenon is ex¬ 
hibited equall}’^ well with both PAIS and HCG. In addition, the e-\'ening 
injection causes an earlier beginning of ovarian and uterine growth and 
also results in significant!}^ greater ovarian, but not uterine, weights at 48 
hours. 

An important problem in biological studies is the vai’iabilit}' which ex¬ 
ists between test subjects. The introduction of appropriate statistical meas¬ 
ures will often bring such variation under the control of the operator. 
Nevertheless such measures ma}^ add greatl}' to the complexit}* of experi¬ 
ments which are conducted oA'er a period because time-to-time variation 
is normall}’^ unpredictable and occasional!}" large. It is therefore of consid¬ 
erable importance that time-to-time valuation in response to gonadotropin 
has been shown to have a diurnal component. 

There are several mechanisms that might be responsible for the diurnal 
variation in response to PAIS and HCG. The results of Experiments V 
(b) and (c) seem to eliminate the possibility that there is a diurnal varia¬ 
tion in uterine responsiveness, and the findings in hypophysectomized 
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animals (Experiment V (a)) and the aijsence of a diurnal difference with 
pituitary extracts suggest that the phenomenon is not a manifestation of 
an intrinsic daily rhythm of sensitivity in tlie ovary, but that the fluctua¬ 
tions in ovarian and uterine responses find their origin in the pituitary 
gland. The results obtained with hypophysectomized animals are by no 
means clear cut however, for the sensitivity of the ovary to PMS in such 
animals is much lower than in intact animals (13). Nevertheless it is to be 
expected from a number of other studies (2, 6, 7, 8, 10) that such a diurnal 
rhythm would have a neuro-humoral mechanism involving the hypothal¬ 
amus and the pituitaiy gland. 

The ovaries and uteri of immature mice begin to exliibit increases in 
weight between 15 and 20 hours after the injection of gonadotropin (5) 
(and present data. Experiment IV). However the delay between injection 
of gonadotropin and the beginning of uterine and ovarian growth has been 
found to show significant variation with time of day, being longer when 
injection is given in the morning. Once it has begun, tlie rate of increase 
in weight of both organs does not depend on time of da 3 v The finding that 
the increased delay after the morning injection is not abolished until the 
dosage levels of HCG and PMS are 20 or more times greater than that 
needed to produce a maximal uterine weight response, is of considerable 
significance. 

It seems to indicate tliat there is a diurnal fluctuation in the output of a 
pituitary factor that is qualitative!}' different from the gonadotropin(s) 
assayed by the oA'arian or uterine weight tests (FSH-like and LH-like 
gonadotropins). A diurnal variation in response of the uterus was not ob¬ 
served when doses of sheep anterior pituitary and human post-menopausal 
gonadotrophin whicli were approximate^' equivalent to 1 i.u. HCG or 
PMS as judged b}' the uterine response, Avere used, Imnce the diurnally 
fluctuating factor presumabl}' cannot be the gonadotropin (14) measured 
by the uterine Aveight response. Since HCG and PiMS appear to have 
brought about similar response trends to Ioav and high levels and since 
PMS is rich in a gonadotropin biologicall}' similar to FSH, it seems that 
the diurnall}' fluctuating factor cannot be FSH-like either. The results 
may therefore indicate the presence of a pituitary factor different from 
FSH and LH, AA-hich is necessary for steroid production or ovarian groAvth. 
In the eA'ening the pituitaiy gland presumabl}' produces more of this factor. 
Whether it is a gonadotropin hoAvever is open to question. At least it does 
not appear to be necessaiy for uterine response to oestrogen for not only 
AA'as there no diurnal A'ariation in response to oestradiol (Experiment V b 
and c) but h.ypoph3'sectom3' does not decrease the sensitiAut}' of the uterus 
to oestradiol (Lamond, unpublished oliservations). 

Another explanation of the present findings is suggested by the recent 
results of Lamond and Emmens (13) Avho shoAved that responses to the 
placental gonadotropins HCG and PMS are apparentl}^ limited by en- 
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dogenous gonadotropin production. If the animal’s own pituitary gland 
responds to the injection of HCG or PMS then it maj' be that there is a 
diurnal A'^ariation in the rapidit 3 ’' of this response. A direct action of the 
placental gonadotropins on the neuro-hj^pophj^seal axis has not, however, 
been demonstrated but ma}" Avell repa 3 ^ further investigation. Alternativel 3 ' 
the endogenous gonadotropins ma 3 '’ not act on the OA’aiy in a manner dif¬ 
ferent from PMS and HCG but the amount produced ma 3 " be considerabl}' 
in excess of the effecthm amount of exogenous gonadotropin. 

The time of da 3 '- when the gonadotropin was injected had no influence 
on the uterine weight 48 hours later (i.e. at a time when uterine growth 
had ceased) but there Avas a difference at 48 hours in OA^arian weights. The 
reason for the diA'^ergence betAA^een these tAvo criteria of ovarian response 
is not apparent. 

The results of Experiment III call for special mention. It is apparent 
that mice 14-17 da3’^s old are less sensith'-e to gonadotropin than mice 3-4 
da3rs older. Similar findings haA’^e been reported b3" Ortiz (15) for the rat 
and hamster. In the mice the lower sensitiAuty Avas particnlarl3^ eAndent in 
the OA'-arian weight responses, Avhich were not significantl 3 ’’ greater than 
the controls. In the slightly older and bigger mice, not onl3’- Avas there a 
response in both uteri and ovaries, but there Avas also a period of increased 
ovarian responsiveness over the 12 hours from midda3’^ to midnight. In 
mice tAvo Aveeks older and an estimated tAvo Aveeks ))efore pubert 3 ’', this pe¬ 
riod AA^as considerabl3’’ shorter, being confined approximatel3’’ to 2 p.m .-6 
p.M. Hence in the strain of mice used in these experiments there seems to 
have been a gradual development of an oA^erall responsiveness to HCG and 
PMS, and this has a diurnal component which becomes more closel3' con¬ 
fined to the mid-afternoon as the mice approach pubert3^ Pfeiffer (16) 
postulated that the sex t3^pe of the pituitar3' gland is not geneticall3" de¬ 
termined but that its differentiation is dependent on the t3"pe of gonad 
present. It is possible that this differentiation is simpl3’' the deA^elopment of 
a diurnal rh3dhm. 
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APPENDIX 


Table 2. Analyses or variance or the data obtained in enperiment 1 

Moan squares headed (i) are comparisons between fresh preparations only and (ii) are 
comparisons between stored and fresh picparations injected on Day 3. The non-significant 
interactions in this and following experiments .are pooled to form .a residual term, which is 
not used in the estimate of error. 


Source of variation 

D.F. 


Mean 

square 


Uterine 

weight 

Ovarian v 

.'eight 

(i) 

(ii) 

(i) 

(ii) 

Prepaiations (P) 

1 

3203*** 

2029*** 

22.88*** 

15.58*** 

Doses (D) 

1 

1013*** 

1272*** 

4.88*** 

3.66*** 

Time of dav (T) 

1 

780** 

557** 

9.8G*** 

16.47*** 

Replications (R) 






Linear 

1 

714** 


1.65* 


Quadratic 

1 

0 


1.G2* 


Stored v Picsh (S) 

1 


447* 


0.06 

lutcraclions 






PXD 

1 

224 

525** 

7.40** 

3.92** 

PXDXT 

1 

32G* 


2.00* 


PXS 

1 


447* 


0.11 

Remainder 

IG 

70 


0.44 



9 


52 


0.37 

Error 

127 

71. 

3 

0.37 



*** P<0 001. 

** 0.001 < P <0 01 . 
* 0.01 <7^<0.05. 
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Mean square 


Source of variation 

D.F. 

Uterine 

weight 

Ovmrian 

weight 



At 24 hr. 

At 48 hr. 

At 24 hr. 

At 48 hr. 

Preparations (P) 

1 

1134*** 

2592*** 

11.77*** 

55.56*** 

Doses (D) 

1 

640** 

6864*** 

3.91** 

28.20*** 

Time of day 

1 

706** 

14 

8.01*** 

19.84*** 

Inieraclions 






PXD 

1 


384* 


5.48** 

Remainder 

4 

55 


0.78 



3 


53 


0.32 

Error 

31 

78.9 

88.7 

0.44 

0.69 


Table 4. Analyses 

OF VARIANCE 

OF THE DATA 

OBTAINED IN EXPERIMENT III 


Ti V 


Mean square 


OUUFvC 01 V ell iuulUll 

xJ. x’. 

(a) 

(b) 

(c) 

Time of day 

Linear 

1 

183 

0 

96 

Quadratic 

1 

10 

876*** 

433 

Cubic 

1 

56 

20 

245 

Quartic 

1 

17 

1 

1020** 

Quintio 

1 

38 

0 


Doses 

1 

2208*** 

70 


Interaction 

5 

59 

30 


Error 

47 

71.6 

42.3 



29 



133,7 


Table 5. Analyses 

OF VARIANCE 

OF THE DATA OBTAINED IN EXPERIMENT IV 

Source of variation 



Mean square 


D.F. 

Uterine 

weights 

Ovarian weights 



(a) 

(b) 

(a) 

Time of day 

1 

465** 

305** 

2.40* 

Time of killing 





Linear 

1 

7156*** 

1740*** 

24.22*** 

Quadratic 

1 

147 

4 

“o!ii 

Cubic 

1 



0.10 

Doses 

1 

184 

99 


Interaction 

7 

31 

03 



3 



0.33 

Error 

47 

47 




35 


38 



31 



0.32 
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Table 6. Analyses of vabiance of the besults 
expebiments V (a) and v (b) 

OF 

SourcG of Variation 

D.F. 

Mean square 

V (a) Day 1 v Day 2 

1 

54 

A.M. V P.M. 

1 

22 

Interaction 

1 

4 

Error 

31 

37.6 

V (b) Normal v ovariectomizeci 

1 

999*** 

A.M. V P.M. 

1 

1 

Between doses 

1 

2338*** 

Interaction 

4 

40 

Error 

39 

43.1 


Table 7. Analyses of VAnrANcc of tub data obtained in expekiment vi 


Source of 
variation 

D.F. 


Mean square 


Uterine weights 


Ovarian weights 

Low levels 
IICG, PIUS 

High levels 
IICG, PMS 

AP 

High levels 
HCG, PMS 

Preparations 

1 

60 

1150*** 


10.32*** 

Daj’ 1 V day 2 

1 

225 

0 

145 

0.88 

A.M. V r.M. 

1 

1541*** 

50 

45 

0.70 

Interaction 

4 

9 

94 


0.73 


1 



18 


Error 

55 

89.5 

63.8 


0.35 


27 



63.2 






A COMPARISON OF THE EFFECTS OF IN VIVO AND 
IN VITRO THYROID HORMONES UPON THE 
OXYGEN CONSUMPTION OF RAT 
KIDNEY SLICES^ 

ROGER L. GREIF and JEAN MORONEY 

Department of Physiology, Cornell University Medical College, Neio York City 

ABSTRACT 

Immediately after removal of one kidnej' from tlij^roidectomized rats a 
large amount of thj^oxine or triiodothj'ronine was injected intravenously. 
Slices made from the remaining kidney, removed 10 minutes later, had QO 2 
levels significantly higher than control values after storage at 4° C for 48 
hours in alanine buffer. After the injection of labeled thj'ro.vine the content 
of the injected kidney corresponded to .03 yg. th 3 'ro.\-ine per mg. wet weight. 
Diiodotj'rosine, injected under similar conditions, did not affect the QO2. Thj'- 
ro.xine added to slices from both control and injected kidnej's was also effective 
in preserving QO2. 

M aterials with thyroid hormone activity are effective in vitro if 
added to ruptured cells (1), to their separated components (2, 3), or 
to ascites tumor tissue (4). Thibault (5) and Barker (6) have studied the 
effect of added thyronine derivatives upon the oxygen consumption of 
slices made from the kidneys of thyroidectomized rats. The slices were 
stored at 4° C between daily measurements of ox 3 ’-gen consumption (QO 2 ) 
at 37° C, and under these conditions the metabolically active th 3 '-ronine 
derivatives dela 3 '^ed the expected decline in QO 2 with time to a striking de¬ 
gree. 

The present experiments were designed to determine ivhether a similar 
delayed decline in QO 2 with time is present if the thyroid hormones reach 
the kidney via the circulator 3 '- S 3 "stem and the amount of th 3 '-roid hormone 
that is effective under these in vivo conditions. 

METHODS 

IMalc albino rats from the Charles River Breeding Laboratories were surgicallj' 
thjToiclcctomized when bod}’^ weight was 50 to 100 gm., at least two months before the 
e.xperiment. Thej^ received Purina laborator 3 ’- chow and tap water ad libitum. At tlie 
tunc of the e.xperiment the animals were anaesthetized with ether, and through a mid¬ 
abdominal incision the right renal artery' and vein were clamped with a hemostat. The 
right kidne 3 " "’as then removed and cooled on ice. 1 mg. of the material being tested, 
dissolved in dilute NaOH, was injected into the inferior vena cava in a volume of 0.5 cc.. 

Received September 26, 1958. 

' This Investigation was supported b 3 ’^ grant A-786 from the National Institute of 
Arthritis and Isletabolic Diseases of the TJ.S.P.H.S. 
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and 10 minutes later the other kidney was removed. In a moist chamber two slices were 
made from the lateral aspects of each kidney with a Stadic-Riggs microtome (four slices 
per kidney), and in order to diminish error due to variable amounts of cortex and 
medulla, half of an inner and of an outer slice were weighed together and placed in 
each of two Warburg vessels. The buffer used throughout contained .12il/ NaCl, .003^1/ 
KCl, .001211/ MgS 04 , .01711/ nn-alanine (pH 7.8), and .Old/ glucose, final pH 7.2. The 
gas phase was oxygen, temperature 37° C, shaking speed 120 strokes per minute. QO 2 
is based upon the first 30 minutes of observation, although the vessels were kept at 
37° C for approximately 70 minutes daily. Between oxygen consumption measurements 
they were covered with paraffin film and stored at 4° C. When labeled thyroxine was 
used, radioactivity was measured by placing slices in tubes of cold buffer in a well-type 
scintillation counter prior to transferring them to Warburg vessels. UL-thyroxinc was 
obtained from Nutritional Biochemicals Corp., 3,5,3' L-triiodothyronine from Dr. 
A. E. Homing of the Smith, Kline, and French Corp., 3,5, diiodo-L-tyrosine from 
Eastman Kodak Co., and L,-thyroxine labeled with I”' from Abbott Laboratories, Oak 
Ridge. 

RESULTS 

The table summarizes, witli statistical evaluation, the QO 2 results meas¬ 
ured at successive 24 hour intervals following the removal of the tissue. It 
can be seen that highl}^ significant changes are produced by injection of 
materials with known metabolic activity. In the case of nn-thyroxine, the 
changes are seen after 48 hours, but they appear in 24 hours when 3,5,3' 
L-triiodoth3U'onine is used, and are absent in tissues taken from animals 
previously injected with diiodo-L-tju-osine. The same data are included in 
the figures as black bars. Slices from each kidney were also placed in con¬ 
tact with L-thyroxine, 10 gg. per cc. of buffer. In the figures the QOo values 
so obtained are shown by Avhite bars. It can be seen in Figure 1 that after 
48 hours in the presence of added thj'roxine the QO 2 of the tissue remains 
high, and that this result is not affected by the prior injection of diiodo-L- 
tyrosine. Figures 2 and 3 show that a further increase can be produced by 
the in vitro exposure to thyroxine, even though the animal has previously 
been injected with a metabolicall}'^ active hormone preparation. The in¬ 
creases in QO 2 from in vitro contact with thju’oid hormone after 48 and 72 
hours are all significant with a P value of less than .001. 

Ten minutes after the injection of DL-th}U'oxine to Avhich a small amount 
of labelled L-thju’oxine had been added, the tissue I^^^ level corresponded 
to .03 + .004 (S.E.) ng. thyroxine per mg. wet weight (4 measurements on 
each of 9 animals). 

DISCUSSION 

The method of Barker (6) represents one of the few demonstrations of an 
in vitro effect of materials with th 3 ’'roid hormone activitj'’ upon excised tis¬ 
sue containing whole cells. The complex changes which occur in tissue 
permeability following excision (7) might be thought to favor the entiance 
of hormone into the cell, and indeed, in a recent note (8) Barker an 
Etling have shown that added tlDUOxine is rapidly taken up bj" excised kic - 



June, 1959 IN VIVO AND IN VITRO THYROID HORMONES 


939 



Fig. 1. Results of dailj’^ measurement of QO« following injection of diiodotyrosine. 
The black bars show the mean QOi for slices from control and injected kidncA's 
suspended in buffer alone, the white bars show the mean QOj for slices from the same 
kidneys suspended in buffer containing 10 micrograms L-thyio\ine per ml. 


QO 2 OF SLICES MADE FROM CONTROL AND INJECTED KIDNEYS 
1 MG.OF EACH COMPOUND INJECTED INTRAVENOUSLY 


Time 

DL-thyro\ine (16 rats) 

L-tniodothj ronine 

(10) 

diiodotjrosmo (7) 

hours 

Con. 

Inject. P 

Con 

Inject 

P 

Con 

Inject P 

0 

3 04± 10‘ 

2 90± 09 > 1 

3 26+ 11 

3 20± 

10 > 1 

3 16± 08 

3 25± 09 > 1 

24 

3 47± 10 

3 41± 09 > 1 

3 36+ 07 

3 60 + 

09 < 05 

3 52± 12 

3 68± 08> 1 

48 

1 06± 07 

2 35+ 05 < 001 

1 97± 03 

2 32 + 

06< 001 

2 09± 11 

2 24± 08 > 1 

72 

I 08± 04 

1 08± 05 — 

1 04+ 07 

1 22± 

06 > 05 

1 21± 09 

1 20± 0S> 1 


* Standard Error. 


ney tissue. The present experiments, in which the hormones reach the tis¬ 
sue via the vascular system, demonstrate that the swelling of cells following 
excision need not precede contact with thju-oid hormones for a demonstra¬ 
ble effect in preserving ox 3 "gen consumption, but add no information on 
the question of later tissue swelling as a consequence of contact with these 
compounds. 


L-TRIIODOTHYRQNINE IMGM IV. 10 RATS 



Fig. 2. Results of daily measurement of QO; following injection of 3,5,3' L-triiodo- 
thyroniiie. 


Legeiid]as in Figure 1. 
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Fig. 3. Results of daily measurement of QO* following injection of DL-thyroxine. 
Legend as in Figure 1. 


Since tlie effects of tli 3 'roid iiormones reaciiing tlie cells via the vascular 
s^^stem and in vitro are additive, it seems probable that .03 jug. of thjTOxine 
per mg. of tissue is insufficient under the present conditions to produce a 
maximum tissue response. This impression has been confirmed in a few ex¬ 
periments by noting a larger response after the injection of larger amounts 
of hormone. 

Each flask in the present studies contained an average of 75 rag. of tissue 
in 3 cc. of buffer. Assuming that thj'roxine added m vitro is all rapidly 
bound by kidney tissue (8), the experiments with injected hormone cor¬ 
respond to about 2 gg. of added tlD'roxine per vessel. This is close to the 
minimum amount reported to be active 'in vitro (9). Although experimental 
conditions are strikinglj’’ different, it is of interest to note that this concen¬ 
tration of thyroxine, IQ-W, has been shown to uncouple oxidation from 
phosphor 3 dation in isolated mitochondria in vitro (10) but is 100 times the 
concentration required for the in vitro production of mitochondrial swell¬ 
ing (11). 

In evei’}^ experiment it can be seen that the QO 2 of kidne 3 ’’ slices increases 
during the first 24 hours after excision. This phenomenon, which has also 
been observed by Barker (9), appears to be somewhat more striking in the 
presence of added or injected th 3 ’’roid hormones than in their absence. A 
similar increase is seen following the injection of diiodot3U'Osine, hove\ei, 
which makes the relationship between this finding and thyroid hormone 
action questionable. The initial lowered QO 2 ma 3 '' be the result of impaiie 
diffusion from compression of tissue during slicing, though we have no 

performed experiments to check this point. 

In the present experiments there is a more rapid effect obsei ved a tei ic 
injection of triiodoth3U'onine than after a similar amount of pL-th3ioxme. 
On the basis of the rapid onset of metabolic activi^ following t le injec 
tion of triiodothyronine (12), and the isolation of this compoun lom ■ 13 ^^ 
roid tissue after injection of I*^* (13) it has been suggested that tiiio 0 13 
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ronine is a step closer to the form of the tlD^oid hormone ■which acts upon 
the cell. It should be pointed out, however, that the present experiments 
could well be explained on the basis of the rapid penetration and high tis¬ 
sue hormone concentration found after the injection of triiodotlD’ronine as 
contrasted to th 3 Toxine (14). The manj- possible variations in the present 
technique remain to be explored. 
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AB.STRACT 

The ACTH-rclcasing activity of portal vessel plasma, as estimated bj' 
adrenal ascorbic acid depletion in the steroid-depressed rat, was present in 
protein fraction IIIo. The reduction in adrenal ascorbic acid concentration 
following injection of IIIo was not attributable to the presence of ACTH in this 
protein fraction since IIIq was inactive in the hypophyscctomized rat. The 
remaining protein fractions had no significant effect on adrenal ascorbic acid 
concentration. Tiic activity attributable to IIIo was lost during dialysis when 
the protein fraction was dissolved in a buffer solution containing 15.2% ethanol. 
This suggested either destruction of the active component or dissociation of a 
dialyzabic component from the carrier protein. 

Fraction IIIo from carotid artery plasma was inactive regardless of whether 
the blood was collected rapidly, slowly, or allowed to remain mixed with 
macerated skeletal muscle for two hours at 0° C. 

The ACTH-releasing activity of portal plasma IIIo was not attributable 
to contamination with nor-epinephrine, epinephrine, histamine, or serotonin. 
Similarly, injection of NaCl solutions of different concentrations were in¬ 
effective. 

T he primary cause of variation in tlie rate of ACTH discharge from 
the anterior pituitary in response to an endless array of environmental 
changes remains an enigma, and it is to be empliasized that the circum¬ 
stances which decrease the rate of ACTH discharge are no less important in 
homeostasis than are those circumstances which increase ACTH release. 
Admittedlj^ it is difficult to ascribe specificity to a particular stimulus for 
the latter; however, determination of the effective site of action of an in¬ 
hibitor of ACTH release is no less difficult. The results of some investiga¬ 
tions suggest the involvement of a neurohuinoral agent, “corticotrophin- 
releasing factor—CRF” (1), but a discordant view regarding the uniqueness 
of such a substance is not without significance. Such divergent views exist 
not only because of possible lack of quantity and purity of CRF but also 
because of lack of proven specificity and defined limits of applicability for 
the assay system used in estimating CRF activity. The difficulties inherent 
in the assay of CRF have been considered in a recent review (2). Nonethe- 

Rcceivcd October 5, 1958. 

^ This investigation was supported by a research grant from the Life Insurance 
Medical Research Fund and by a research grant, A-1237, from the National Institute 
of Arthritis and Metabolic Diseases, Public Health Service. 
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less, previous reports which suggested that blood collecting in the sella 
area following hj'pophj^sectomy (3, 4) and blood di-aining the brain (5, 6) 
accelerated the release of ACTH prompted further consideration of this 
problem. Preliminar}' reports of part of this work ha^'e been pre^dousl}' 
presented (7, 8). 


MATERIALS AND METHODS 

Plasma used in this investigation was obtained from blood of mongrel dogs of both 
se.xes. Blood for e.\perimental purposes was collected by aspirating that which accumu¬ 
lated in the sella area following removal of the pituitarj-, the source of this blood being 
in part the hypophyseal portal vessels. The procedure employed here was the same as 
that previouslj^ described (3). The plasma was stored at —20° C until used. The pro¬ 
cedure followed in fractionation of tlie plasma proteins and the terminology used in 
referring to the different fractions was identical to that used by Cohn ct al. (9). Dialysis 
was carried out with stirring at 4° C for approximately 2 hours utilizing Visking dialysis 
tubing,- size 24/32 with a specified average pore radius of 24 A. In all eases the sample 
was dried by lyophilization before use in assay, and the dried sample was dissolved in 
4 cc. of distilled water for injection. 

Male albino rats were used in the assays. The hypophysectomized rat was prepared 
by the parapharj-ngeal approach and was used in the adrenal ascorbic acid depletion 
test 20 to 24 hours after hypophysectomy (10). The hydrocortisone-inhibited intact 
rat was prepared b}' injecting intraperitoneall}' 6 mg. of h 3 ’drocortisone acetate in 
saline per 100 gm. body weight 4 hours before use. Such an animal does not release 
ACTH in response to unilateral adrenalectom}’- (3). All solutions were administered 
through the tail vein in two injections of 2 cc. each. The first injection was given im- 
mediatel)- after removal of the left adrenal, and the second was given 30 minutes later. 
The right adrenal was removed 90 minutes after the first injection. The first adrenal 
was removed under ether anesthesia; the second adrenal was removed under nembutal 
anesthesia. In each instance the total amount of b'ophilized plasma or plasma fraction 
injected was equivalent to 10 cc. of original plasma. 

RESULTS 

The intravenous administration of lyophilized portal vessel plasma to 
hydrocortisone-inhibited intact rats resulted in significant reduction in 
adrenal ascorbic acid concentration (P<0.01). Following partitioning of 
the portal plasma proteins into fractions IV-{-V-f-VI, I-fllla, II, IIIi.; 
and IIIo, onljHractionlllo caused a significant reduction in adrenal ascor¬ 
bic acid concentration (P<0.01) (Table 1). 

It has been reported (4) and confirmed in this investigation that the 
ACTH-releasing activity of portal vessel plasma was not affected by 
diah’sis against 0.9% NaCl solution. However, extension of this observa¬ 
tion to fraction IIIo must be restricted. The solution used to dissolve IIIo 
contained 0.6 moles gl}"cine and 2.62 moles ethanol and was buffered with 
glycinate and phosphate at pH 6.S-6.9 (9). When this solution containing 
IIIo was lyophilized to remove the ethanol prior to diah’sis against 0.9% 
NaCl solution, the change in adrenal ascorbic acid following injection of 


Visking Corporation, Chicago, Illinois. 
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Table 1. Effect of portal plasma and plasma fractions on 
ADRENAL ASCORBIC ACID OF HYDROCORTISONE-TREATED RATS 


Number 
of rats 

AA'ciRlit of 
rats (gm.) 

Ascorbic acid con¬ 
centration (left 
adrenal at 0 min.) 
(mg./lOO Kin.) mean 

Final trcalmcnt (two injec¬ 
tions i.y.—2 cc, per 
injection) 

Ascorbic acid con¬ 
centration friKht 
adrenal at 90 min.) 
(mR./lOO Km.) mean 

Change in adrenal 
ascorbic acid 
concentration 
(mg./lOO gm.) 

24 

323±11.6> 

" 345 

0 7iiin. —Ij'opliilizcd portal plasma 
equivalent to 6 cc. 

30 min .—lyophilized portal plasma 
equivalent to 5 cc. 

201 

-84±e.3 

12 

294±21.0 

340 

0 min .—fraction IV, A^ VI equiva¬ 
lent to 5 cc. portal plasma 

30 min .—fraction IV, V, A'l equiva¬ 
lent to 5 cc. portal plasma 

334 

- o±e.7 

12 

291±12.4 

333 

0 min .—fraction I-fllli equiva¬ 
lent to 5 cc. portal plasma 

30 min .—fraction I+111* equiva¬ 
lent to 5 cc. portal plasma 

341 

+ 8±5.9 

15 

295 ±14.0 

349 

0 min .—fraction 11 equivalent to 
5 cc. portal plasma 

SO min .—fraction 11 equivalent to 
5 cc. portal plasma 

300 

+11±4.4 

2 

2.32 ±13.0 

370 

0 7tiin .—fraction IIIi,* equivalent 
to 5 cc. portal plasma 

30 min .—fraction III!,? equivalent 
to 5 cc. portal plasma 

370 

0±3.5 

59 

300± 7.9 

342 

0 min .—fraction IIIo equivalent to 
to 5 cc. portal plasma 

SO min .—fraction IIIo equivalent 
to 5 cc. portal plasma 

310 

-2e±5.4** 


* Mean and standard error. 

•• This value ineludes the results from all assays resardle.ss of treatment of IIIo. An e.xplanation of the discrepancy 
between this value and that for Ij'ophilised plasma is susKested by the data persented in Table 2. 


IIIo was —55 +9.7 mg. per 100 gm. adrenal weight for IS determinations. 
However, when this same solution containing IIIo was dialj’zed against 
0.9% NaCl solution without prior Ij^philization, the change in adrenal 
ascorbic acid following injection of IIIo was +1+5.1 mg. per 100 gm. 
adrenal weight for IS determinations. The difference in these two means 
was statistically significant (P<0.01) (Table 2). 

When IIIo from portal plasma was assayed in the 24-hour hypophysec- 
tomized rat and the h 3 ’^drocortisone-treated rat, the changes in adrenal 
ascorbic acid concentration Avere +6+6.2 mg. per 100 gm. adrenal AA'eight 
for 7 determinations and —55 mg. +24.1 per 100 gm. adrenal AAmight for 6 
determinations respectiAml 3 ^ The difference in these two means AA'as signifi¬ 
cant (P = 0.03) (Table 2). Fraction IIIo used here Avas from a common 
pool Avhich Avas dried b3^ l 3 mphilization prior to dial3’^sis. 

Plasma protein fraction IIIo AAms prepared from (a) carotid arteiy blood 
which AAms permitted to Aoaa’’ rapidl 3 '' during collection, (b) carotid artery 
blood AA+ich Avas alloAved to drip into an iced beaker during a 3 hour collec¬ 
tion period, and (c) a mixture of 200 cc. of carotid arteiy blood and 10 gm. 
of macerated skeletal muscle. This mixture remained in an ice bath foi 
one hour before separation of the plasma. The mean change in adrenal 
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ascorbic acid for 7 determinations in each group was —3 +4.2, +3 +3.1, 
and +10+2.7 mg. per 100 gm. adrenal weight respective!}’. 

As it was difficult to maintain constant osmolarity of the solutions in¬ 
jected during these experiments, NaCl solutions of different concentra¬ 
tions were given intravenously to the steroid-inhibited rat in an attempt to 
assess the effect of solutions of varying osmolar concentrations on the re¬ 
lease of ACTH. After injection of 4 cc. in two 2 cc. injections of 0.45, 0.90, 
2.25, 3.15 and 4.05 per cent NaCl solutions, the change in adrenal ascorbic 
acid was +9 ±2.0, +12+0.7, +1+3.1, +13+3.0 and +7+6.1 mg. per 

Table 2. Effect of dialysis of plasma fraction iiio on adrenal ascorbic 




ACID OF 

HYDROCORTISONE-TREATED 

RATS 




Ascorbic acid con- 


Ascorbic acid con- 

Change in adrenal 

Number 

Weight of 

centration (left 

Final treatment (two injec- 

centration (right 

ascorbic acid 

of rats 

rats (gm.) 

adrenal at 0 min.) 
(mg /lOO gra.) mean 

tions i.v.—2 cc. per injection) 

adrenal at 90 mm ) 
(mg./lOO gm.) mean 

concentration 
(mg./lOO gm.) 

IS 

316±12.6* 

340 

0 min.—fraction IIIo cqun alent to 
5 cc. portal plasma (dmljsis with¬ 
out prior lyophilization) 

SO min.—fraction IIIo equi\ alent 
to 5 cc. portal plasma (dialysis 
without prior !j»ophilitation) 

341 

+ 1±5.1 

18 

290 ±12 7 

339 

0 nun.—fraction III® equivalent to 
5 cc portal plasma (dialysis with 
prior lyophilization) 

SO mm.—fraction Ille equivalent 
to5cc porta! plasma (dialj'sis with 
prior Ij opbilization) 

284 

-55 + 9 7 


• Mean and standard error. 


100 gm. adrenal weight respectively. These observations suggested that 
variation in osmolarity of injected solutions within these limits had no 
effect on the release of ACTH in these steroid-treated rats. Following intra¬ 
venous administration of S jug- of nor-epinephrine, S ng. of epinephrine and 
6 mg. of histamine hydrochloride, the change in adrenal ascorbic acid con¬ 
centration was +22 ±S.0, —1 +2.2 and +7 +5.6 mg. per 100 gm. adrenal 
weight respectively. The change in adrenal ascorbic acid in the steroid- 
treated rat injected with a total of 40 fig. of serotonin^ was —1 +3.3 mg. 
per 100 gm. adrenal weight, of SO ;ug. of serotonin was 0 +1.0 mg., of 160 ng. 
of serotonin was +2 +1.6, and of 320 jug. of serotonin was —2 +10.0. 

DISCUSSION 

These results supported the suggestion (3, 4) that blood that drained 
into the sella area of the hypophysectomized dog stimulated the release of 
ACTH in the hydrocortisone-treated rat as e.^timated by adrenal ascorbic 
acid depletion. Following fractionation of the portal plasma proteins, 

’ Injected as serotonin-creatinine-HjSO. H:0 comple.v. The authors express ap¬ 
preciation for the generous gift of serotonin from Visinara Terapeutici. Tliis was obtained 
through the California Foundation for Biochemical Research, Los .\ngeles. 
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ACTH-releasing activity was present only in fraction IIIq, No cliange in 
adrenal ascorbic acid was observed following injection of an equal amount 
of IIIo in the h 3 ^pophysectomized rat, suggesting that the source of ACTH 
released here as a result of injection of IIIo was the pituitary. As the likeli¬ 
hood existed that the ACTH-releasing activity in portal plasma was at¬ 
tributable to the prolonged standing of the portal vessel blood in an ice 
bath during the collection period, carotid artery blood was allowed to drip 
into a cold container during a two-hour collection period in an attempt to 
control this variable. Also, to account for possible tissue contamination 
macerated skeletal muscle, was mixed with carotid artery blood and the 
mixture allowed to stand in an ice bath for one hour. The injection of 
plasma fraction IIIo from each of these samples of carotid artery blood did 
not cause reduction in adrenal ascorbic acid of the steroid-depressed rat. 

The loss in ACTH-releasing activit}'- of portal plasma IIIo following 
dial 3 \sis when this fraction was still dissolved in a solution containing 
15.2% (v/v) ethanol at pH 6.S-6.9 suggested destruction of the active 
component or the dissociation of a dialyzable substance from the carrier 
protein. Lyophilization prior to dialj'^sis prevented such loss of activity. 
Since the net result of lyophilization here was the removal of ethanol and 
water, the latter of necessit}' being partlj' replaced to make dial 3 ^sis possi¬ 
ble, it would seem that the presence of ethanol under these conditions pro¬ 
moted destruction or dissociation of the active substance. 

It is interesting to speculate regarding the possible identity of the active 
component in Illn and DA, a preparation having no pressor activity (11, 
12). iMcCann, using rats with lu^pothalamic lesions, was unable to separate 
pressor activit 3 '’ and ACTH-releasing activit 3 ' of Pitressin (13). However, 
interpretation of observations regarding the role of the antidiuretic hor¬ 
mone as well as other substances in the regulation of ACTH release from 
the pituitar 3 ^ is complicated by the observations that Pitressin potentiated 
the effect of ACTH on cortical steroid production in the dog (14) and that 
Pitressin and arginine vasopressin caused adrenal ascorbic acid depletion 
in the ‘decapitated’ rat (15). Fraction IIIo from portal plasma is without 
effect on adrenal ascorbic acid in the h 3 ’^poph 3 ’’sectomized rat under the 
conditions of the present experiments. This does not exclude the possibil- 
it 3 ^ that greater quantities would be effective. Since nor-epinephrine, 
epinephrine, histamine, serotonin and sodium chloride solutions of vaiying 
concentrations did not significantl 3 >' decrease the concentration of adrenal 
ascorbic acid in the h 3 "drocortisone-inhibited intact rat, it was concluded 
that the ACTH-releasing activit3'' of IIIo was not due to contamination 
with these substances or to different osmolarities of the injected solutions. 
It will be of interest to see if the results of future investigations justif 3 " the 
restriction of corticotrophin-releasing activity to a single substance 01 
show it to be a property of several substances. The results of this investiga¬ 
tion, however, are in accord with the view that a neurohumoral agent is 
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transported to the anterior pituitar}’- through the portal vessels and that 
this substance increases the rate of release of ACTH from the pituitary. 
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FURTHER STUDY OF AN ACTH-RELEASING 
PROTEIN FROM HYPOPHYSEAL PORTAL 
VESSEL PLASMA' 


JOHN G. PORTER and H. W. RUMSFELD, Jr. 

Dcparlmenls of Physiology and Biochemislry, The University of Texas, 
Sonlhivesicrn Medical School, Dallas, Texas 

ABSTRACT 

Fraction IIlo olAaincd from hypophyseal portal vessel plasma by the Cohn 
fractionation procedure possessed all of the ACTII-releasing activity of portal 
plasma. This fraction consisted of three major protein components with iso¬ 
electric points at pll 4.4, pH 5.1 and pH C.C. Separation of the components of 
this fraction by starch column electrophoresis yielded an active peak with a 
mobility in veronal buffer (pH 8.6; fi = 0.1) of —1.91 + .41 cm.* volt~‘ sec.~^ 

xio---. 

The activity associated with the i)rotcins of fraction IIIo was destroyed b}’ 
incubation with trypsin and i)oi)sin ajid by rcflu.xing with 0.1 H NaOH. It was 
not de.stroycd by two hours of refluxing with 0.1 N HCl. 

Preliminary results indicated that the active substance could be dialyzed 
away from the proteins in distilled water if the lyophilized portal plasma was 
dissolved in a Cohn Buffer at pH 0.9. This would suggest that this plasma 
protein serves in a transport role for an ACTH-releasing substance in portal 
vessel blood. 

T he ACTH-relea.sing activity of liypophyseal portal vessel plasma 
(1, 2) was found in one protein fraction (3). This investigation deals 
with further purification of this protein fraction, electrophoretic character¬ 
ization of its components, and the determination of some of its properties 
which ma 3 ' help to elucidate its role in the release of ACTH. Preliminary re¬ 
sults of part of this Avork have been previously reported (4, 5). 

MATERIALS AND METHODS 

Plasma used in this investigation was obtained from blood of mongrel dogs of both 
sexes. Blood for experimental purposes was collected bj" aspirating that which accumu¬ 
lated in the sella area following rcmoAml of the pituitarj^ the source of this blood being 
in irart the hypophyseal portal vessels. The procedure employed here was the same as 
that prcviouslj' described (1). The plasma was stored at —20° C until used. It was 
fractionated by the low temperature alcohol fractionation method of Cohn et al. (6), 
and the terminology used in identifying the different fractions was the same as that 
used bj' Cohn. The use of the hydrocortisone-inhibited intact rat in estimating ACTH- 

Received October 5, 1958. 

^ This investigation was supported by a research grant from the Life Insurance 
Medical Research Fund and by a research grant, A-1237, from the National Institute 
of Arthritis and Metabolic Diseases, Public Health Service. 
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releasing activity was the same as that previously described (1), and depletion of adrenal 
ascorbic acid was used as the criterion of ACTH release (7). 

Electrophoretic mobilitj' of the IIIo fractions was determined by moving boundary 
electrophoresis of 1% protein solutions. Protein concentration was measured by a 
biuret method (S). The solutions were dialj’zed against the following buffers of 0.1 
ionic strength (p); acetate at pH 3.6 and pH 4.5, cacodylate at pH 5.6, phosphate at 
pH 6.S and veronal at pH 8.6; and electrophoresis was carried out in a Perkin-Elmer 
model 3SA electrophoresis apparatus. Buffer resistance was measured at 0° C with a 
standard conductivity cell and an impedance bridge. 

The IIIo proteins were further separated bj' starch zone electrophoresis (9) using 
acetate buffer at pH 3.6 (p=0.1), 150-160 volts and 15-20 milliampcres for periods 
ranging from 22 to 48 hours. Analj-sis for protein in aliquots from 1 cm. segments of 
the column was by the rolin-Lowr 3 ’ procedure (10). Segments corresponding to a peak 
were pooled, diatyzed, tyophilized and assa 3 'ed for ACTH-releasing activity. The mo¬ 
bility of pooled active peaks from the starch columns was determined by moving 
boundar 3 ' electrophoresis in veronal buffer at pH 8.6 (p =0.1). 

All diatysps in this investigation were carried out with stirring at 4° C utilizing 
Visking diatysis tubing-, size 24/32 with a specified average pore radius of 24 A. 

For tr 3 'ptic and peptic digestions of IIIo, aliquots equivalent to 10 cc. of original 
plasma and containing 51 mg. of protein were diatyzed for two hours against two changes 
of 1.5 liters of 0.9% NaCl solution and then lyophilized. One aliquot was then assa 3 -cd 
again for activity. Another aliquot was dissolved in 50 cc. of 0.5% Na-COs solution, 
adjusted to pH 8.3 with HCl and mi.ved with 5 mg. of Difeo trypsin. A third aliquot 
was dissolved in 50 cc. of 0.1 N HCl and mixed with 5 mg. of Difeo pepsin. Incubation 
was carried out with shaking in a constant temperature bath at 37° C for 3 hours. The 
samples were then removed, heated in a boiling water bath for 8 minutes, cooled in ice, 
filtered and adjusted to pH 7.0 with HCl and NaOH respectively. The samples were 
then l 3 mphilized for assa 3 ^ 

.Additional aliquots of fraction IIIo or portal plasma were refluxed in 0.1 H NaOH 
for 1 hour and in 0.1 N HCl for 1 and 2 hours. The samples were then neutralized, 
tyophilized and assa 3 ’cd unless otherwise stated in the results section. 

The solution for the diah’sis of portal plasma at pH 5.0 was made with 0.1 M am¬ 
monium formate buffer. This buffer was later removed b 3 ’ sublimation (11). 

RESULTS 

It has been demonstrated that the ACTH-releasing activitj' of portal 
vessel plasma was attributable to protein fraction IIIo (3). Fraction IIIo 
from portal plasma was further separated b}' moving boundarj' elec¬ 
trophoresis. Three components were evident at five different pH values, 
and their mobilities were determined (Table 1). Graphic representation of 
the electrophoretic mobilities as a function of pH showed the isoelectric 
points of the three components to be at pH 4.4, pH 5.1 and pH G.6 (Fig. 1). 
Figure 2 illustrates an electrophoretic pattern obtained bj' moving bound- 
aiy electrophoresis of fraction IIIo in acetate buffer at pH 3.6 (p = 0.1). 
A similar pattern was obtained when the proteins of IIIo were separated 
b.v starch zone electrophoresis when this same acetate buffer was used. The 
ACTH-releasing activity’ migrated in that part of the distribution which 


- Visking Corpor.ition, Cllic.^go, Illinois. 
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Fig. 1. Electrophoretic mobility (/j) of 
fraction IIIo components as a function of 
pH. The isoelectric points occur at the 
following pH values; 4.4, 5.1 and 6.6. The 
numbering of the peaks here is identical 
to that used in Table 1. 


corresponded to the second of three protein peaks. The active portion is 
indicated b}'’ the shaded area in Figure 3 which also corresponded to the 
second peak observed b}^ moving boundary electrophoresis (Table 1). The 
latter had a mobility of —2.47+.09 cm.^ volt~* sec.~^XlO~® in veronal 
buffer at pli 8.6 (p = 0.1) (Table 1) and an isoelectric point at pPI 5.1 (Fig. 
1). However, when the active protein peaks from several starch electro¬ 
phoretic separations were pooled and then measured by moving boundary 
electi-ophoresis at pH S.G (fi = 0.1) in vei-onal buffer, a single peak with a 
mobilit}'’ of —1.91 ± .41 was found. This would be compatible with the view 
that the active protein corresponded to a slow component of peak 2 or a 
fast component of peak 3 (Table 1). ACTH-releasing activity was not re- 




Fig. 2. Moving boundar)' electrophoresis of fraction IIIo in acetate buffer 
at pH 3.6 and 0.1 ionic strength. 
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Table 1. Electrophoretic mobility of the proteik components of 

FRACTION IIIo FROM HYPOPHYSEAL PORTAL VESSEL PLASMA 


Buffer 

pH 

Ionic 

strength 

(m) 

\ Mobility* 

Peak 1 

Peak 2 

Peak 3 

Veronal 

■M 

0.1 

-.3.43 + .13** 

-2.47±.09 

-1.25 ±.30 

Phosphate 


0.1 

-3.23+ .06 

-1.8S+.22 

-0.28 

Cacodjdate 


0.1 

-2.71 + .02 

-0.9S±.17 

+ 1.29±.09 

Acetate 


0.1 

-0.37+ .06 

+ 1.27+.14 

+3.23+ .13 

Acetate 

3.6 

0.1 

+1.89 

+3.31+ .47 

+4.91 + .43 


* cm.-volt“'Eec.~'X10 

** Mean and standard deviation. 


covered from the starch column in ever}^ case following electrophoretic 
separation of IIIo- However, in those separations in which activit}' Avas re¬ 
covered the quantity of protein in the active peak varied from 6 to 36% of 
the total amount of protein. The median percentage was 15.6%. The pat¬ 
tern chosen for illustration in Figure 3 was representative; the active peak 
had 12% of the total protein on the column. 

The activity was destroyed incubation with trypsin or pepsin for 3 
hours and by refluxing for 1 hour with 0.1 N NaOH. Conversely, the ac¬ 
tivity of IIIo was not destroj-ed by refluxing with 0.1 N HCl for periods up 
to 2 hours duration (Table 2). 

Dial 3 ^sis of portal plasma against 0.1 N HCl for 25 hours or against am¬ 
monium formate at pH 5 for 24 hours did not affect the ACTH-releasing ac- 



Fig. 3. Separation of the components of fraction IIIo by starch column elcctro- 
jiliorcsis in acetate buffer at pH 3.G and 0.1 ionic strength. Tlic column was run for 22j 
hours at ICO volts and IS milliampcrcs at a temperature of 4° C. The .ACTH-relcasing 
activity wa.s present in that portion of the IIIo proteins illustrated by the shaded area 
of this pattern. 

















952 PORTER AND RUMSFELD Volume 64 


Table 2. Effect of tbytsin, tefsin and refluxing with NaOH and HCl on ACTII- 

RELBASING ACTIVITY OF FRACTION lUo PROM TORTAL VESSEL PLASMA 


Numlier 

of 

rats 

Sample 

1 

Treatment 

Change in adrenal 
ascorbic acid con- 
centr.ation (left adre¬ 
nal minus right ad¬ 
renal) (mg./lOO gm.) 

2 

IIIo 5 ce. equivalent* 

None 

-51 + 12.0** 

4 

IIIo 10 cc. equivalent 

None 

-95+21.1 

1 

IIIo 10 cc. equivalent 

3 hr. incubation with trypsin at 
pll 8.3 .at 37“ C 

+ 5 

1 

IIIo 10 cc. equivalent 

3 hr. incubation with pepsin in 
0.1 N HCl .at 37“ C 

+ 1 

1 

IIIo 10 cc. equivalent 

Reflux 1 hr. witli 25 cc. 0.1 N 
NaOlI 

+ 6 

1 

IIIo 5 cc. equivalent 

Reflux 1 hr. with 25 cc. 0.1 N IICl 

-33 

1 

IIIo 10 cc. equivalent 

Reflux 2 hr. with 25 cc. 0.1 N IlCl 

-G1 


* 5 cc. and 10 oc. equivalent refers to that volume of fraction IIIo from the Cohn frac¬ 
tionation equivalent to 5 ec. and 10 ce. of original portal plasma, respectively. IIIo contains 
approximately 5 mg. protein jier 1 cc. equivalent. 

** Mean and standard error. 


no activity was detected in the dialysate (Table 3). However, when 
lyophilized portal plasma was placed in the buffer solution used to dissolve 
fraction IIIo during plasma protein fractionation (3), activity was found 
outside the dialysis bag following dialysis against distilled water. Some ac¬ 
tivity was also found outside the bag when portal plasma was dialyzed for 
24 hours against 15.2% (v/v) ethanol. An ethanol concentration of 15.2% 
(v/v) was identical with that in the buffer solution used to dissolve IIIo 
during plasma protein fractionation (6). When an ethanol-portal plasma 
mixture (78% ethanol by volume) was allowed to stand at —20° C for 4S 
hours, all of the ACTH-releasing activity remained with the protein pre¬ 
cipitate. Following similar treatment of carotid artery plasma, there was 
no activity in either the precipitate or supernatant. 

DISCUSSION 

Following the observation that lyophilized hypophyseal portal plasma 
would elicit ACTH release in the steroid-treated rat, as measured by 
adrenal ascorbic acid depletion, it was found that the ACTH-releasing ac¬ 
tivity was not lost on dialysis. This activity was in protein fraction II+III 
(2); it Avas found later that the ACTH-releasing activity of portal plasma 
was present in a subtraction of III, viz. IIIo (3, 4, 5). 

In the present study IIIo was observed to consist of three major proteins 
with isoelectric points at pH 4.4, pH 5.1 and pH 6.6. Assa}^ of the proteins 
of fraction IIIo which had been separated by starch column electrophoresis 
shoAved that intermediate peak 2 (Table 1), or more likely a component of 
this peak, Avas associated Avith the acthm substance. MoAung boundary 
electrophoresis in veronal buffer of combined actwe peaks from the starch 
column electrophoretic separations demonstrated a single component Avith 
a mobility, -1.91 +0.41 cm.^ volt.-^ sec.-^XlO-^ midAvay betAveen that of 
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Table 3. Studies o.v the dissociation" of ACTH-beleasi.vg 

ACTIVITY FBOM PORTAL PLASMA PROTEIN" 


Volume 


Change in adrenal ascorbic 
acid concentration (left 
adrenal minus right adrenal) 
(mg./lOO gm.) 

of 

portal 

plasma 

Treatment 

Prior to 
treatment 

After treatment 


1 


Inside 

dialysis 

bag 

Outside 

dialysis 

biig 

15 cc. 

(a) sample adjusted to pH 1 

(b) dialj'zed for 25 hrs. against a total volume 
of 1 liter of 0.1 N HCl 

(e) dialj-zate was changed 4 times 

-112* 

- 9S 

+ 4 

15 cc. 

(a) refluxed with 25 cc. of 0.1 N HCl for li hrs. 

(b) dialyzed for G hrs. against a total volume of 

1 liter distilled water 

(c) dialj'zate was changed 3 times 

- 9S 

1 

1 

- 99 

1 

15 cc. 

(a) sample adjusted to pH 5.0 with formic acid 

(b) dialyzed for 24 hrs. against a total volume 
of 1 liter of ammonium formate buffer at 
pH 5.0 

(c) dialyzate changed 4 times 

-112* 

-1-42 

i 


15 cc. 

(a) sample adjusted to pH 6.9 with the buffer 
used to dissolve fraction IIIo during Cohn 
fractionation 

(b) dialyzed for 24i hrs. against a total volume 
of 890 cc. of distilled water. 

(c) dialyzate was changed 4 times 

- 112 * 

! 

' - 36 

- 89 

1 -42 

10 cc. 

1 

(a) — 

(b) dialyzed for 24 hrs. against a total volume 
of 750 cc. of 15.2% (v/v) ethanol 

(c) dialyzate was changed 4 times 


- 57 

1 

1 

-25 

1 

1 

1 


* A 10 cc. aliquot was assaj’ed prior to treatment. 


peaks 2 and 3 (Table 1 ). The isoelectric point of tliis protein would be be¬ 
tween pH 5.1 and pH G. 6 . The amount of protein in peak 2 varied from 6 
to 36% of the total protein. These observations suggested that the active 
constituent might be associated with a smaller amount of protein than is 
usuallj' found in this peak. 

During the preparation of fraction IIIo for assa}' it was previousl 3 ' found 
that the order in which l 3 'ophilization and dial 3 'sis were carried out affected 
the activit 3 ' of the resulting product (3). Dial 3 'sis prior to b'ophilization 
resulted in loss of activit 3 ’’; this could be interpreted as destruction of the 
active substance or dissociation of the active material from the protein. 
In this regard it ivas of possible significance that an active protein com¬ 
ponent was not alwa 3 ’s recoverable following starch column electrophoretic 
separations. The lack of success in these instances, however, was 63 " no 
means apparent b 3 " inspection of the resulting protein distribution. 

Destruction of the activity of IIIo occurred during incubation with 
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trypsin and pepsin and during refluxing with 0.1 N NaOH. However, the 
active component was quite stable to refluxing in 0.1 N HCl. Following 
dialysis against distilled water for 24 hours, ACTIi-releasing activity was 
present in the dialysate Avhen lyophilized portal plasma was dissolved in 
the Cohn buffer used to fractionate IIIo (6). 

This observation would support the postulate that the constituent in 
portal plasma responsible for ACTH release in the steroid-treated rat is 
dissociable from the plasma proteins. In view of these results dissociation 
rather than destruction of the active substance would appear to be the 
most likeb" cause for the loss of activity of IIIo previousl 3 ^ reported (3). It 
is interesting to speculate that the protein component of IIIo described 
here functions in a transport role for a neurohumoral agent which increases 
the rate of release of ACTH. 
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ABSTRACT 

Rats treated with large doses of A* hydrocortisone do not exhibit a decrease 
in the adrenal ascorbic acid concentration after exposure to painful stimuli, 
injection with histamine or injection with nicotine. Such animals do respond 
to ACTH. H 3 -dration results in a greater diuresis in A' hydrocortisone-treated 
than in untreated rats. Exposure to no.xious stimuli produces the same anti- 
diuretic response in treated and untreated rats if such measures are taken in 
20 or more hours after the injection of the corticosteroid. The minimal dosage 
of Pitressin intraperitoneallj^ necessary' to produce a significant decrease in the 
concentration of the adrenal ascorbic acid is more than 10 times greater in the 
h.vdrocortisone-trcated than in the untreated rats. A significant decrease in 
adrenal ascorbic acid is produced in the treated animals bj- the intravenous 
injection of approximate^’’ twice the dosage required intraperitoneallj’ bj’ the 
untreated rat. Increasing the intraA’enous dosage produces no further depletion 
of ascorbic acid in the adrenals of treated animals. Identical adrenal cortical 
responses are obtained in the hj’drocortisone-treated rats with similar intra¬ 
venous doses of Pitressin, arginine-vasopressin and Rsine-vasopressin. 

The data are interpreted to indicate that whereas the treatment with Pred¬ 
nisolone does not affect the responsiveness of the Iwpothalamus, it decreases 
markedly the responsiveness of the adenohj'pophj-sis and neurohj-pophj'sis of 
animals exposed to noxious stimuli, 

E xposure of animal or man to noxious stimuli results in an anti¬ 
diuretic response (1, 2) and a marked increase in the antidiuretic (2, 
3, 4) and adrenocorticotropic (5, 6) activities of the blood. The close asso¬ 
ciation between the antidiuretic and adrenocorticotropic responses to 
noxious stimuli led to the hj’pothesis that the antidiuretic hormone 
(ADH), vasopressin, may be responsible for the activation of the adeno- 
li 3 'Pophysis and the release of adrenocorticotropic hormone (ACTH) into 
the circulation (2, 7). In support of this hypothesis is the rapiditj' with 

Received October 10, 195S. 
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which ADH is released into the circulation of animals exposed to noxious 
stimuli (1, 2), the rapidity with Avhich the hypothalamus is depleted of its 
neurosecretory material and the associated vasopressin activity (7), the 
relative efficacy with Avhich exogenous vasopressin induces a release of 
ACTH into the circulation (8, 9, 10, 11, 12), and the inhibition of the dis¬ 
charge of ACTH into the circulation of animals Avith lesions Avhich pre- 
A^ent the release of Amsopressin from the hypothalamus (13). In accord also 
are the observations that some pharmacological agents Avhich inhibit the 
pituitary-adrenal response to a variety of stimuli do not appear to impair 
significantly the response to Pitressin (9, 10, 11, 14). 

If the secretion of ACTH is dependent upon the secretion of A'-asopressin, 
then an agent AAffiich blocks the release of ACTH might operate by inhibit¬ 
ing the discharge of Amsopressin. Accordingly, it became pertinent to in- 
A'-estigate the influence of treatment Avith such an agent on the discharge 
of Amsopressin into the circulation. Since hydrocortisone appears to be an 
efficient inhibitor of the mechanism responsible for the release of adreno- 
corticotropin, the effect of treatment Avith A’ hydrocortisone on the anti¬ 
diuretic and adrenal ascorbic acid responses to noxious stimuli Avere de¬ 
termined. 

MATERIALS AND METHODS 

!Male albino rats of the Carworth strain, weighing from 120 to 220 gm. were used 
after a preliminary fast of api)roximatcly 16 hours during which time the animals were 
permitted access to water. During the experiments the rats were kept in individual 
metabolic cages. The animals wore given 5 ml. of 0.2% sodium chloride per 100 gm. 
body Aveight by stomach tube and one hour later the gavage was repeated. At 20 minute 
intervals after the second gavage, the voIvuaac of urine excreted Avas measured and all 
rates of excretion were expressed as ml. per 100 gm. of body weight. The animals were 
handled and prodded just prior to each measurement of urine A'olume in order to insure 
the emptying of their bladders. The noxious stimuli were applied at 20 minutes after 
the second gavage. The animals that were treated with the steroid were given a sub¬ 
cutaneous injection of 10 mg. A* hydrocortisone (Prednisolone®)’ in 0.5 ml. 70% alcohol 
per 100 gm. body weight at 20 to 24 hours before the first garmge. 

Three types of noxious stimuli were used in this study: (1) painful stimuli produced 
by a two-minute period of mild electric shocks (50 volts, 60,000 ohms) to the feet 
through a grid which replaced the floor of the metabolic cage, (2) the intraperitoneal 
injection of 1 mg. histamine dihydrochloride, and (3) the intraperitoneal injection of 
0.1 mg. nicotine tartrate per 100 gm. body weight. The rats that served as controls 
for the histamine and nicotine-treated groups recewed an injection of an equivalent 
volume of normal saline. The creatinine concentration of the urine was measured by 
the technique described by Peters (15). 

The antidiuretic activity of the plasma was assayed by a procedure which was 
essentially that of Jeffers ct al (16). In accord with the observations reported by Dettcl- 
bach (17), the rats were prepared for the assay by gaAmging them three times weekh 
with 10 ml. of a 0.2% saline solution during at least two weeks. The da}' of the assa.A, 
2 or 3 animals Avere selected and gwen 5 ml. of a 2% solution of ethanol in 0.2% saline 

’ We are indebted to Dr. H. F. Hailman of the Upjohn Company for generous sup¬ 
plies of Prednisolone. 
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at 37° C per 100 gm. body weight by stomach tube. One hour later, the same amount 
of a 10 to 12% solution of ethanol in 0.2% saline was administered. At the end of the 
ne.vt hour each animal was given the same A’olume of the 2% ethanol solution. The 
animal that excreted the largest volume of urine during this period was selected for 
the assa}-. The bladder of the animal was e.xposed b}- a midline suprapubic incision and 
a polyethjdene catheter inserted and fi.xed in place. The load of water was kept constant 
at between 7 to 8% of the bod}' weight by gavaging the rat ever}' ten minutes with an 
amount of the 2% ethanol equivalent to that excreted in the previous 10 minutes. All 
injections were made by means of a siliconized 22-gauge needle which was inserted into 
one of the lateral tail veins and kept in place with ties and tape. Blood from decapitated 
rats was collected in plastic tubes containing approximate!}' 5 units heparin per ml., 
the plasma separated rapidly and assayed within 30 minutes. A maximum amount of 
0.1 ml. plasma per 100 gm. body weight was injected into the assay animal. The volume 
of urine excreted during the 10 minutes after an injection was expressed as the per¬ 
centage of that e.xcreted for the 10 minutes prior to the injection. A preparation of 
Pitressin^ was used as a standard and the antidiuretic activity of the plasma was ex¬ 
pressed in terms of mu. Pitressin per 100 ml. 

The decrease in the ascorbic acid concentration of the adrenal glands was used as a 
gauge of corticotropin release. The rats were decapitated one hour after e.xposure to 
the no.xious stimuli, the adrenal glands removed, dissected clean and the ascorbic acid 
content determined by the method of Roe and Kuether (IS) as modified by Sayers 
et al. (19). Animals given injections of normal saline served as controls. All animals 
wore adapted for the assay by the daily intraperitoneal injection of 0.5 ml. saline for 
at least four consecutive days prior to the experiment. 

EESULTS 

Adrenal Ascorbic Acid Response 

Twenty hours after the subcutaneous injection of A' iiydrocortisone, 11 
rats were exposed to the painful stimuli, 9 rats were given an intraperi- 
toneal injection of histamine and a similar number of animals were given 
an injection of nicotine. Similar numbers of rats served as controls for each 
group and were injected intraperitonealij'’ with saline. The data depicted 
in Figure 1 reveal that the dose of A* hj’-drocortisone used in this study 
completely prevented the reduction in the concentration of ascorbic acid 
which usuallj' follows exposure to noxious stimuli. Whereas the concen¬ 
trations (mean +S.E.) of the adrenal ascorbic acid of the animals exposed 
to pain, injected with histamine and injected with nicotine was 563 ±21.6, 
566 ±29.9 and 543 ±14.9 mg.%, those of the respective controls were 
557 ±20.5, 554 ±30.1 and 519 ±14.6 mg.%. 

To exclude the possibilitj^ that the inhibition of the response to noxiou.'^ 
stimuli was due to an impairment in the responsiveness of the adrenal 
cortex, the action of adrenocorticotropin was studied. A group of 10 rats 
was treated with A* hydrocortisone and 20 hours later, S animals were each 
given an intraperitoneal injection of 1 mu. adrenocorticotropin per 100 gm. 
of body weight and S were injected with saline. One hour later the adrenals 

* Wc are indebted to Dr. D. A. McGinty of the Parke, Davis and Company for 
generous supplies of Pitressin. 
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Fig. 1. Effect of Various Noxious Stim¬ 
uli on tlie Concentration of Ascorbic Acid 
in Adrenals of A‘ Hydrocortisone-Treated 
Rats. 

The bars depict the concentration of 
ascorbic acid (mean + S.E.) in adrenals of 
animals exposed to the stimuli and of con¬ 
trols injected with saline, one hour before 
removal of the glands. 


■were removed and the ascorbic acid concentration determined. Whereas 
the adrenal ascorbic acid of the saline-injected rats was 474 + 16.8 mg.%, 
that of the adrenocorticotropin-injected rats was 399 + 17.8 mg. % 
(P<0.01). 

Antidiureiic Response 

The rate of urine excretion (mean + S.E.) by the saline-treated rats used 
as controls was fairly constant (Fig. 2). Exposure to the painful stimuli, 
however, resulted in a significant antidiuretic response. Whereas the rats 
exposed to the painful stimuli excreted 0.88+0.09 ml. during the second 
twent}'’ minute interval, their controls excreted 1.54 + 0.08 ml. during the 
same interval (P <0.001). 

In accord with the observations of Gaunt el al. (20) who first demon¬ 
strated that corticosteroids promote the excretion of water, the adminis¬ 
tration of hydrocortisone resulted in an increased output of urine. 
Whereas rats treated with Prednisolone excreted 3.34+0.08 ml., the 
saline-treated rats excreted 1.87 +0.14 ml. during the hour following the 
first gavage. Likewise, an increased rate of urine excretion occurred after 
the second gavage, especiallj’’ during the first 40 minutes after the second 


Fig. 2. Effect of A' Hj'drocortisone on 
the Antidiurctic Response of Rats to 
Painful Stimuli. 

The curves represent volume of urine 
excreted at each designated interval 
(mean + S.E.) bj' saline-treated and hy¬ 
drocortisone-treated rats. At the time 
designated by the arrow, one group of 
rats was exposed to the painful stimuli 
(o) while the other (•) was given an in¬ 
jection of saline. The numerals designate 
the number of animals in each group. 


PAIN 
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Fig. 3. Effect of A' Hj-drocortisone on 
the Antidiuretic Response to Histamine. 

The curves represent volume of urine 
excreted at each designated interval (mean 
+ S.E.) bj" saline-treated and hydrocorti¬ 
sone-treated rats. At the time designated 
bj' the arrow, one group of rats was e.x- 
posed to the painful stimuli (o) while the 
other (•) was given an injection of saline. 
The numerals designate the number of 
animals in each group. 


histamine 



gavage (Fig. 2); the h 3 "drocortisone-treated rats excreted 3.62+0.13 ml. 
and the saline-treated group excreted 2.86+0.13 ml. per 100 gm. bodj' 
weight (P<0.01). Although the rate of excretion 65 ’- the Prednisolone- 
treated rats was not constant during the three 20 -minute intervals follow¬ 
ing the second gavage, a significant antidiuretic response followed exposure 
to the painful stimuli. Thus, the rats exposed to the noxious stimuli ex¬ 
creted 0.55 ±0.10 ml. during the 20-minute interval following the pain, 
while their controls excreted 2.09+0.06 ml. (P<0.001). The antidiuretic 
response of the hj'^drocortisone-treated group was even more pronounced 
than that of the saline-treated group. 

A more intense antidiuretic response occurred after the administration 
of histamine and nicotine (Fig. 3 and 4). Saline-treated rats injected 
M'ith histamine excreted 0.43 +0.12 ml. during the second, and 0.39 +0.11 
ml. during the third 20 -minute interval, while their respective controls ex¬ 
creted 1.64 ±0.11 and 1.31 ±0.11 ml. during the same intervals (P <0.001). 
Prednisolone-treated rats behaved essentiall,v the same waj'. Thus, the 
saline-injected rats excreted 2.02 ±0.11 ml. and 0.98 ±0.13 ml. during the 
two consecutive periods after the injection, while the histamine-treated 
rats excreted 0.78±0,11 ml. and 0.15±0.04 ml. respective!}" (P<0.001). 


NICOTINE 



Fig. 4. Effect of A’ Hydrocortisone on 
the -Vntidinrctic Response to Nicotine. 

The curves represent volume of urine 
e.xcreted .-it e.^ch dcsigimted intorv.il (mc.in 
±S.E.) by s.ilino-trc.ntcd and liydro- 
cortisono-trcatcfl rats. At the time desig¬ 
nated by tile .irrow, one group 0 / rats was 
exposed to the painful stimuli (o) while 
the other (O) was given an injeetion of 
saline. The numerals designate the number 
of anim.ils in each group. 
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The normal rats given nicotine excreted 0.73+0.17 ml. and their saline- 
injected controls excreted 1.44 +0.07 ml. during the first 20 minutes after 
injection. During the third 20-miniite period after the gavage, tlie excre¬ 
tion of the nicotine-injected group amounted to 0.54 + 0.08 ml. as com¬ 
pared to 1.56+0.07 ml. excreted by the control animals (P<0.001). In 
hydrocortisone-treated rats these values amounted to 0.94+0.10 ml. 
as compared to 2.02+0.11 ml. in the second 20-minute interval and 0.46 


NICOTINE 
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Fig. 5. Effect of Nicotine on Volume 
and Creatinine Concentration of Urine 
Excreted Saline- and A’ Hydrocortisone- 
Treated Rats. 

Each curve depicts the volume of urine 

(mean + S.E.) (o-o) and concentration 

of creatinine (mean + S.E.) (o-o) at 

designated intervals before and after the 
injection of nicotine ( T )• 


+ 0.08 ml. as compared to 0.98+0.13 ml. for their respective controls 
during the last 20-niinute period (P<0.001). 

In order to establish that the antidiuretic response of Prednisolone- 
treated and untreated rats was due to an increase in the reabsorption of 
water rather than to a decrease in glomerular filtration, the creatinine con¬ 
centration of the urine before and after the injection of nicotine was meas¬ 
ured (Fig. 5). The creatinine concentration of the urine excreted by the 
untreated rats during the first 20-minute interval was 5.4+ 0.4 mg.% be¬ 
fore the injection of nicotine and rose to 9.1+1.0 and 14.5 ±1.2 mg.% 
during the following two 20-minute periods. In the A^ h 3 ^drocortisone- 
treated rats the concentration of creatinine in the urine was 6.1 ±0.7 mg.% 
before the injection, and 7.8+0.5 mg.% and 19.6 + 1./mg.% during the 
second and third 20-minute intervals after the injection. In both groups the 
creatinine concentration of the urine excreted during the third 20-minute 
period was significant!}'' higher than that found before the injection 
(P <0.001). 

The antidiuretic activity of the plasma was assaj'ed in ordei to e ei 
mine its relation to the antidiuretic response of rats as measured ^ 
decrease in urine excretion. The activitj'' of the plasma (mean ±^^ d o 
normal rats was equivalent to 1.1 ±0.33 mu. Pitressin pei 100 rn . ( ug. )• 
Thirty seconds after the rats were exposed to the painful stimu i t le an i 
diuretic activitj' was equivalent to 3.9 ±1.2 mu. per 100 m • P 
more pronounced increase in the antidiuretic activity o t e p as < 
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Fig. 6. Effect of Painful Stimuli and of 
Histamine on the Antidiuretic Activit}' of 
the Plasma. 

Each bar represents the antidiuretie 
activity of the plasma of 16 rats (mean± 
S.E.) expressed in terms of Pitressin (see 
text). 



(5.9+ 1.3 mu. per 100 ml.) was found in 10 minutes after the intraperi- 
toneal injection of histamine (P<0.01). 

Response to Pitressin 

The effect of the intraperitoneal injection of various doses of Pitressin 
on the concentration of adrenal ascorbic acid in saline and h 3 "drocor- 
tisone-treated rats is detailed in Table 1 and illustrated in Figure 7. It is 
evident that a significant reduction in the adrenal ascorbic acid concentra¬ 
tion of saline-treated rats followed the injection of 0.1 or more units of 
Pitressin per 100 gm. body weight. In accord with general experience the 
initial concentration of ascorbic acid in the adrenals of the rats treated 


Table 1. Effect of pitressin on the ascorbic acid concentration of the adrenal 
GLANDS OF A* hydrocortisone-treated AND UNTREATED RATS 

The Pitressin was administered intraperitoneally (a) or intravenously (b) and the adrenals 
i\'ere removed one hour later for assay. The numerals in parentheses refer to the number of 
animals. 


Pitressin 
units per 

100 gm. 

Adrenal ascorbic acid—mg. per 100 gm. 

Controls 

Prednisolone 

a 

a 

b 

0 

0.02 

394+ 9.3 (20) 

308 + 14.5 (27) 

— 

— 

0 

0.1 

393 + 10.4 (23) 

312 + 12.7 (22)*** 


510+22.7 (15) 
490+20.4 (15) 

0 

0.2 

397 + 11.7 (18)*** 
273+ 9.8 (19) 

479 + 17.7(10) 
495+20.0 (10) 

521 + 11.0(10)** 
451 +13.2 (10) 

0 

0.5 

1 

1 

479 + 17.7 (10) 

488 + 14.0(10) 

477 + 11.5 (15)** 
399 + 12.5 (15) 

0 

1.25 

414+10.9(10)*** 
233 + 10.1 (10) 

431+14.7(15)* 

301 +24.2 (15) 

505 + 10.9 (9)* 
422+20.0 (10) 


* Sinnificant at 5% level. 

** SiRnifirant at 1% level. 

*** Significant at 0.1% level. 
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Fig. 7. Effect of Pitressin on the Adrenal 
A,scor)nc Acid A' Hydrocortisone-Treated 
Rats. 

Tlio change in adrenal ascorbic acid 
concentration e.vprcssed as the per cent 
(TOcnn±S.E.) of valncs found in controls. 


with Prednisolone was mucli liiglier than that found in untreated rats. 
Yet, the hydrocortisone-treated rats did not show a significant change 
in the adrenal ascorbic acid concentration until a dose of 1.25 units Pitres¬ 
sin per 100 gm. body weight was administered. Thus, more than ten times 
the dosage of Pitressin was necessary to produce the same adrenal ascorbic 
acid depletion in the hydrocortisone-treated rats as in the saline-treated 
controls. 

The miravenous injection of 0.2 unit Pitressin per 100 gm. body weight 
was effective in reducing the concentration of ascorbic acid in the adrenals 
of the Prednisolone-treated rats. Increasing the dosage to as high as 1.25 u. 
per 100 gm., however, did not produce a further depletion of the ascorbic 
acid (Fig. 7). 

That the adrenal ascorbic acid response to the intravenous injections 
to Pitressin is probably not due to some contaminant is suggested by the 
effects of purified arginine-vasopressin and S3'nthetic l^'^sine-vasopressin.^ 
Three groups of IG rats Avere treated with A’ h 3 'drocortisone and 20 hours 
later, half of each group Avas giAmn an intraAmnous injection of 0.2 pressor 
unit of one of the antidiuretic compounds per 100 gm. of bod3' AA’eight 
Avhile the other half of each group Avas injected Avith saline. One hour later 
the adrenals AAmre remoAmd and the ascorl)ic acid concentration deter¬ 
mined. The data (mean ±S.E.) depicted in Figure 8 reveal that the three 
compounds produced essential^’' the same depletion in the adrenal ascorbic 
acid. 

DISCUSSION 

In accord Avith preAuous studies (2, 21), the experiments described herein 
reAmal that exposure to various noxious stimuli such as pain, the injection 
of histamine and the injection of nicotine results in an antidiuretic response 
in normal rats. The concomitant increase in the concentration of creati¬ 
nine in the urine indicates that the antidiuretic response is due to an 


^ We arc indclitcd to Dr. Vincent dii Vigncaiid for generous supplies of compounds. 
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increase in the rate of water reabsorption b}- the renal tubules rather than 
to a decrease in glomerular filtration. The concomitant increase in the 
antidiuretic activit}^ of the plasma suggests that the increased reabsorption 
of water by the renal tubules is due to the discharge of vasopressin into 
the circulation. 

The antidiuretic response which occurs after exposure of an animal to a 
noxious stimulus may be due to the discharge of the antidiuretic hormone 
(ADH) directly from the h 3 *pothalamus into the general circulation and/or 
the discharge of ADH from the neurohj'poph 3 ’sis (1, 2, i, 21, 22, 23, 24, 
25, 26). The essentially identical antidiuretic responses of the A‘ hydrocor¬ 
tisone-treated and saline-treated rats suggest that the steroid did not affect 


Fig. 8. Effect of Intravenous Injection 
of Pitressin, Arginine-Vasopressin and 
Lysine-Vasopressin on Adrenal Ascorbic 
Acid of A* Hj-drocortisone-Treated Rats. 

Each group consisted of 16 rats treated 
with hydrocortisone. Half of each group 
was injected with saline (open bars) and 
half with the designated compound (cross- 
hatched bars). One hour later the adrenals 
were removed and the ascorbic acid con¬ 
centration (mean±S.E.) determined. 



the functional integrit 3 '' of the h 3 ’'pothalamus. A block to the discharge of 
ADH from the neuroh 3 Toph 3 -sis, however, is not precluded by these data. 
That hydrocortisone may induce an inhibition of the mechanism re¬ 
sponsible for the discharge of ADH from the neuroJi 3 Toph 3 -.sis without 
affecting that of the hypothalamus is suggested by the observations of 
Gaunt d aJ. (25). They found that the injection of formalin resulted in a 
marked reduction in the concentration of ADH in the h 3 'pothalamus of 
both normal and h 3 '’drocortisone-treated rats. The same insult zesulted in 
a decrease in the concentration of ADH in the neuroh 3 ’poph 3 ’sis of noimal 
rats and an increase in that of the hydrocortisone-tresied I'ats. Such an 
inhiliition of the mechanisms responsible for the discharge of ADH from 
the neuroh 3 'poph 3 ’sis ma 3 ’' account for the greater diuresis which occurs 
after h 3 ’dration in animals treated with lu’drocortisone than in controls. 

The antidiuretic responses of the A* hydrocortisone-treated rats are 
not in complete agreement with the data reported recenth' I 33 ' AIcCann 
d ah (27) who found that four hours after the intraperitoneal administra¬ 
tion of S mg. h 3 'drocortisone acetate per 100 gni. bod 3 ' weight, rats develop 
only about one half of the antidiuretic response observed in normal ani¬ 
mals exposed to noxious stimuli. The discrepancy', however, i.^; due to the 
fact that whereas hIcCann d al. performed their experiments in four hours 
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after the injection of the h 3 ^drocortisone, the data reported herein were 
collected in 20 to 24 hours after the administration of Prednisolone. Thus 
when a group of 10 rats were hji'drated and given nicotine four hours after 
the subcutaneous injection of h 3 '-drocortisone, they developed an anti¬ 
diuretic response which was only 43 per cent of that exhibited by a group 
of 10 saline-treated controls. A similar decrease in the antidiuretic response 
occurred when rats were given nicotine 2 hours after the injection of the 
A^ hydrocortisone. When the same groups were retested 25 hours after the 
initial subcutaneous injections, however, identical antidiuretic responses 
to nicotine u^ere obtained in l^otli the A^ h 3 ^drocortisone and saline-treated 
groups. 

Although McCann d al. (27) attribute the partial inhibition of the anti¬ 
diuretic response to noxious stimuli to an inhibition of the li 3 'pothalamiis, 
it is quite possible that other mechanisms ma 3 " be involved. Thus, the im¬ 
mediate response may reflect an inhibition of the peripheral action of 
vasopressin .such as was demonstrated b 3 ' Gaunt d al. ( 20 , 25). Likewise, 
the marked diuresis which occurs immediately after the injection of the 
corticosteroids may mask the antidiuretic response to noxious stimuli. It 
was in orclei* to obviate tlic effects of these and other factors that the pres¬ 
ent studies were performed 20 to 24 hours after the injection of the 
A‘ liycli’ocortisonc 133 ^ Avhich time there is no impairment in tlie antidiuretic 
response. 

The decrease in the concentration of adrenal ascorbic acid which ordi¬ 
narily follows exposure to noxious stimuli does not occur in the A‘ hydro¬ 
cortisone-treated rats. Since the adrenal glands of animals treated with 
h 3 'drocortisone respond to the administration of adrenocorticotropin, it is 
probabl 3 ’’ that the lack of response in noxious circumstances is due to an 
inhil^ition of tlie mechanisms responsible for tlie discharge of adrenocorti¬ 
cotropin into the circulation. Such an inhilsition 11103 ’^ be due to (a) a phar- 
macologicall}' induced l^lock in the h 3 'pothalamus similar to that which 
occurs with lesions in the median eminence (10, 11, 12, 13, 27, 28, 29) or 
(b) an inhibition of the production and/or release of adrenocorticotropin 
from the adenoln^pophysis. 

That a decrease in tlie responsiveness of the mechanisms responsible for 
the release of corticotropin from the adenoh 3 ^poph 3 'sis can account for 
the effects of A' h 3 ’drocortisone is indicated b}'’ the difference in the re¬ 
sponses of treated and untreated rats to different doses of Pitressin. 
Whereas a significant decrease in the concentration of the adrenal ascorbic 
acid of normal rats follows the iniropcriioneal injection of 0.1 uirit Pitressin 
per 100 gm. bod 3 " weight, more than 10 times this dosage (1.25 it. per 100 
gm. bod 3 " weight) is required for a similar response in A^ h 3 '-drocortisone- 
treated animals. Likewise, although the intravenous injection of 0.2 u. 
Pitressin per 100 gm. bod}'^ -weight does produce a significant decrease in 
the adrenal ascorbic acid of h 3 '-drocortisone-treated animals, increasing 
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the dosage to 1.25 tr. per 100 gm. does not result in a further significant 
change. Such data support the probabilit}* that the absence of an adrenal 
cortical response to noxious stimuli in In'drocortisone-treated rats is 
due to a decrease in the responsiveness of the ACTH releasing mechanism 
rather than to an inhibition in the production of the hypothetical cortico¬ 
tropin releasing factor b}’ the h 3 ’pothaIamus. 

It -would appear from the preceding that the corticosteroids act directlj’ 
on the pituitarj'^ gland to reduce the responsiveness of the mechanisms re¬ 
sponsible for the release of ACTH from the anterior lobe and ADH from 
the posterior lobe. This h 3 'pothesis is in accord with the studies of Rose 
and Nelson (30) on the suppressive effect of the injection of h 3 ’drocortisone 
directl 3 '^ into the fossa h 3 'poph 3 'sis on the release of ACTH. In accord also 
is the adrenal cortical atroph 3 " that occurs in corticosteroid-treated dogs 
(28, 29) and rats (27) with the h 3 'pothalamic lesions that prevent the 
usual adrenal cortical responses to noxious stimuli. Accordingl 3 -', whereas 
the response of the normal animal to noxious stimuli results from the 
stimulation of both the h 3 'pothalamus and the h 3 'poph 3 'sis, the response 
of the A' h 3 '’drocortisone-treated animal ma 3 ' Ije due primaril 3 ' to stimula¬ 
tion of h 3 ’’pothalamic mechanisms. 

The nature of the neurohormonal agent (or agents) responsible for the 
activation of the release of ACTH from the adenohypophysis is unknown. 
As indicated at the outset, a good deal of evidence can be marshalled in 
support of the h 3 ^pothesis that vasopressin or a closely related polypeptide 
is the specific corticotropin releasing agent. This h 3 'pothesis appears to be 
supported b 3 '^ the identical adrenal cortical responses of A* In’drocortisone- 
treated rats to the intravenous injections of similar doses of Pitressin, 
arginine-vasopressin and l 3 'sine-vasopressin. However, the e-\ddence that 
the steroid produces a marked impairment in the responsiveness of the 
adenoh 3 ^poph 3 ’^sis makes it impossible to utilize tlie present stud 3 ' to either 
support or negate the postulate that vasopressin pla 3 ’s a prepotent role in 
the release of ACTH in the animal exposed to noxious stimuli. 
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CARDIAC GLYCOGEN AND THE EFFECT OF 
GROWTH HORMONE AI^IONG INBRED 
STRAINS OF MICEi 
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ABSTRACT 

In an effort to detect differences in the peripheral activity of growth hormone 
among C 57 , A, C 3 H, and I strain mice, the concentrations of cardiac glycogen 
were determined during the course of a 24-liour fasting period, and in three dif¬ 
ferent age groups (young, 40-50 daj's; young-adult, 3-5 months; and old, 
8-13 months). The concentrations and changes in cardiac glycogen were found 
to be characteristic of the age, and of the strain of mice. For e.xample, in young- 
adult, but not jmung, mice of the I strain, cardiac gh-cogen actually decreased 
during a 24-hour fast. Some strain differences were found, but these were not 
consistent in all age groups. It was concluded that cardiac glycogen was subject 
to a variet}' of influences, which in turn varied with the age of the animal. 

As found for the rat, exogenous growth hormone doubled the stores of car¬ 
diac gl}’cogcn but the hormone had to be administered in the morning to non- 
fasted mice. If it was administered in the afternoon, it was not effective. How¬ 
ever, if insulin was given either before or with the growth hormone in the after¬ 
noon, an effect usuallj" seen with administration of growth hormone in the 
morning could be duplicated. Insulin alone had no effect. This, and other evi¬ 
dence, suggests that insulin is required for the action of growth hormone on 
cardiac gl 3 "C 0 gen deposition. 


S tudies of the lipId (l), protein (2), and carboh 3 'drate (3) metabolism 
of four highlj" inbred strains of mice have demonstrated that eacli 
strain possesses a distinctive metabolic pattern. In attempts to account for 
these metabolic patterns bj' hormonal differences, it was tentative^ postu¬ 
lated that one of the strains, the I, has a high peripheral activity of insulin 
(3, 4, 5, 6). However, the po.ssibilitj' that the unusual carbohjTlrate me¬ 
tabolism in this strain was due to other hormonal influences could not be 
overlooked. Since the large stores of gRcogen in the abdominal and gastroc¬ 
nemius muscles of the I strain do not deplete as readilj- dui'ing a fast as the 
smaller stores in the musculature of the C57, A or CJI strains (3), the pres¬ 
ence of larger amounts of a “carboh.vdrate sparing factor,” such as growth 
hormone, in the I strain seemed po.ssible. However, higher quantities of 
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growth hormone in the otlier strains seemed equally possible, for the endog¬ 
enous nitrogen excretion of the A strain is less (7), and the growth rate of 
the A or the C3H strain is greater (2) than that of the I strain. One feasible 
experimental approach to this question Avas the determination of the stores 
of cardiac glycogen in these strains. Eussell and her collaborators have 
demonstrated that the presence of groAvth hormone is necessary for the 
increase in cardiac glycogen Avhich occurs during a fast (8, 9), and that 
increases in cardiac glycogen following the administration of groAvth hor¬ 
mone are directly related to the do.se of the hormone (10). Moreover, the 
action of groAvth hormone on cardiac glycogen seems to be independent of 
insulin (8, 9). 

METHODS 

Animals. INIicc of the A/FiiLn, CsyBL/FiiLn, I/FnLn and CjH strains from our 
colon}' were used in tliese e.vpcrimcnts. Groups of mice were housed in plastic cages and 
were maintained on a eommercial stock ration (Purina Laboratory Chow). Except in the 
first group (Section A), all of the mice were males, 3-5 months of ago. Food and water 
were supplied ad libilvm, and during fasting periods, water was supplied ad libitum. 
The mice were anesthetized with pentobarbitol-sodium (Nembutal, Abbot), 0.1 rag. per 
gm. body weight. 

Removal of the heart. In preliminary studies, the concentration of glycogen found in 
the mouse heart was considerably lower than that reported for tlic rat heart, although 
the concentrations of glycogen in the gastrocnemius or diaphragm muscles are similar 
in the two species (3, 9). Considering the greater metabolic and heart rate of the mouse, 
it was possible that glycogcnolysis occurred to a greater extent in the process of remov¬ 
ing the mouse heart. It has been sliown tliat gb’cogcnolysis occurs in the rat heart when 
the heart is beating in the opened chest (11). A simple technique was evolved for a rapid 
removal. The skin and fur over the rib cage were laid back. The xiphoid process was 
grasped with a pair of curved forceps, and the rib cage was raised slightly to facilitate 
a single incision through it with a pair of large scissors. The heart was removed with 
the curved forceps, and pressed between two blocks of dry ice. The interval from the 
time that the chest cavity was opened to the time when the heart was placed on the 
dry ice was measured with a stopwatch. For intervals from l.S to 7.5 seconds, no differ¬ 
ences were evident in the concentrations of glycogen within each strain. The removal 
time of the heart in these studies ranged from 2 to 5 seconds. While still frozen, the heart 
was scraped clean, and then weighed to the nearest 0.1 mg. on a torsion balance. The 
other tissues were remoA'cd after the heart and in the order: liver, gastrocnemius muscle. 

Analytical 'procedures. The methods for glycogen determination have been described 
(6). The results are expressed as mg. of glucose per gm. of wet weight of tissue. 

Groivth hormone. The purified boA'inc growth hormone used in these studies was pre¬ 
pared in this laboratory by the method of Wilhelmi, Fishman and Russell (12). Slightly 
alkaline, saline solutions Avere prepared the day that they were used. All injections were 
made intraperitoneally (as a single injection) in A'olumes of 0.05 to 0.25 ml. at a dose 
of 2 mg. per 100 gm. of body Aveight. 

Insulin. The insulin used in these studies Avas a commercial preparation, Iletin, Eli 
Lilly and Company. It AA’as giA'en intraperitoneally in a single dose, 0.1 u. per kg. of 
body AA'eight, in A'olumes of 0.15 to 0.25 ml. 

Glucose. This Avas giA'en intraperitoneally in a single dose, 3 mg. per gm. of bo a 
weight, in volumes of 0.15 to 0.25 ml. 
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RESULTS 

A. Studies loitli young and old mice. In preliminary' studies it became 
apparent that the levels of cardiac glycogen varied with the age of the ani¬ 
mal. A series of observations on male and female mice of the A, C 3 H, and 
I strains established that cardiac gly'cogen did not increase during a fast if 
the animals were over 8 months of age (Table 1 ). In fact, a slight decrease 
was observed in all cases, but the differences were not significant. The 
values among males and females, and among the three strains were re¬ 
markably similar (Table 1). 

In young mice (40-50 day's of age), cardiac gly'cogen did increase during 
a fast (Table 1). At this age, the early rapid growth phase is nearly' com¬ 
pleted. The fact that increases in cardiac gly'cogen did occur in y'oung and 
not in older mice may' be related to the consistently' lower levels in the fed 
state among the y'oung mice; the levels in the fasted state were nearly' the 
same in the two age groups. Greater increments were found in mice of the 
Csv strain (76%) than in mice of the I (38%) or A (31%) strains. Of the 
three strains, the A exhibits the highest growth rate ( 2 ). 


Table 1. The effect of fasting on cardiac glycogen in old 

AND YOUNG MICE 



Mice 


Non-fasted 


Fasted# 

Strain 

Se.x 

Bodj^wt., Glyoogent 

Body wt., 
gm. 

’ GlycogenJ 

A 

male 

8-13 month old mice 
29.8 2.5+0.14 

(0)* 

25.3 

2.3+0.00 

(7) 

CJI 

male 

35.7 

2.0+0.24 

(5) 

30.4 

2.3+0.18 

(5) 

C,H 

female 

34.5 

2.5+0.15 

(7) 

31.0 

2.3+0.17 

(7) 

I 

male 

27.8 

2.4+0.30 

(0) 

24.0 

2.0+0.25 

(C) 

I 

female 

29.0 

2.0+0.15 

(8) 

27.3 

2.3+0.13 

(5) 

A 

male 

40-50 dav old mice 

20.3 ' 1.0+0.22 

(7) 

10.5 

2.1 +0.10t 
(7) 

Q: 

male 

20.5 

1.5±0.12 

(8) 

15.3 

2.7 + 0.13t 
(9) 

I 

male 

10.7 

l.S±0.17 

(6) 

12.4 

2.5+0.12** 

(8) 


t Glycogen, nig./gm. of wet tissue weight and standard error. 

* Number of mice. 
f Twenty-four hour fast. 

t P value for the differenees between the fed and fasted mire, <0.01. 
** P value for the difference between the fed and fasted mice, 0.00. 
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B. Studies loith young-adult mice. In young-adult mice (3-5 months of 
age) of the A and Cs? strains increases in cardiac glycogen also occurred 
during a fast. The changes in cardiac glycogen during the fasting period 
for Cb? strain mice are plotted against time in Figure 1. In the first 12 
hours of the fasting period only modest changes were evident, but after 
this period of quiescence, the concentration of cardiac glycogen increased 
sharply. The changes in cardiac glycogen of the A strain were similar to 
those of the Cbt strain, and for clarity they are not shoAvn in Figure 1. 
Over the 24-hour fasting period, cardiac glycogen increased in A strain 
mice from 1.5 ±0.12 (S.E.) mg./gm., 10 mice, to 2,2 ±0.14 (S.E.) mg./gm., 



Fig. ]. Effect of tasting on cardiac and 
liver glycogen of Cbt and I strain mice. The 
vertical bars represent the standard errors 
of the means of .5-1C determinations for 
tlic Iicarts, or 5-10 determinations for the 
livers. The fast began about 4:30 p.m. 


6 mice, and the increase was significant (P<0.01). The increment, about 
50%, found in these two strains is comparable to that reported for the rat 
(9), although the absolute concentrations of glycogen are lower in the 
mouse. 

In contrast to the A and C 57 strains, a significant (P< 0 . 01 ) depletion 
in cardiac gljTogeii was found in the I strain after S hours of fasting, and 
as the fast continued no further changes occurred (Fig. 1). The concentra¬ 
tion of glj^cogen in the heart of non-fasted I strain mice was greater 
(P<0.01) than that in A or C57 strain mice. 

The marked differences in the concentrations of liver gl 3 ’'cogen in the I 
and the C57 strains during the experimental period (Fig. 1) suggested that 
phj^siological differences, possibly related to liver gl 3 '^cogen, might account 
for the behavior of cardiac gl 3 'Cogen in the I strain. At the beginning of the 
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fast, the stores of liver glycogen were greater in the Csr strain, and during 
the latter part of the fasting period, the increases were greater in the C 57 
than in the I strain (Fig. 1). In order to elevate liver glycogen in the I 
strain, the feeding time was altered from the evening to the daylight hours 
just prior to the beginning of the fast. Mice of the I and Cst strains were 
fasted for 24 hours, and then fed for 8-9 hours. At the end of this feeding 
period, about 4:30 p.m., the second 24-hour fasting period was initiated. 
The levels of cardiac and liver glycogen during this second fasting period 
are given in Figure 2. The initial concentrations of liver glycogen were 29 
times greater in the I strain and 6 times greater in the Cst strain than when 


Fig. 2. Effect of fasting on cardiac and 
liver glycogen of C5- and I strain mice after 
preliminary fasting and feeding periods. 
These mice were first fasted for 24 hours, 
then fed for 9 hours before the beginning 
of the second fasting period at 4:30 p.m. 
The vertical bars represent the standard 
errors of the means of 5-8 determinations. 



the mice were permitted to eat ad libitum (Fig. 1 ). The initial concentra¬ 
tions of glycogen in the hearts of the two strains were also greater (P <0.01) 
when the animals were forced to eat during the day (Fig. 2). Nevertheless, 
significant (P<0.01) decrements in cardiac glycogen were evident in both 
strains within S hours of fasting (Fig. 2). The rate of decline in the I strain 
was even greater Avhen the initial levels of cardiac glycogen were higher 
(Figs. 1 and 2). 

C. Studies ivith Iwmogcuotcs of mouse pituitanj gland. Utilizing the 
changes in cardiac glycogen as an assay, an attempt was made to detect 
strain differences in the stores of growth hormone. Pituitary glands were 
removed from Csr, CsH and I strain mice under nembutal anesthesia. 
Glands from each strain were homogenized in ice-cold saline; the final pH 
of the homogenate was 7.9. Homogenates from each strain, containing 
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about one mouse pituitary gland in a volume of 0.2 ml, were administered 
intraperitoneally to non-fasted, young-adult Cb? strain mice at about 9:00 
A.M. After a fast of 6 hours, the concentrations of glycogen in the heart, the 
liver and the gastrocnemius muscle were 1.4 to 2.4 times greater than in 
untreated mice fasted for the same length of time (Table 2). The pituitary 
homogenates from each strain evoked similar increases. 

D. Shidies with purified growth hormone. The increases in cardiac glyco¬ 
gen found after the administration of homogenates of mouse pituitary 
glands (Table 2), were also found after the administration of purified prep¬ 
arations (12) of bovine growth hormone. In this study (Fig. 3), the lior- 
mone was given in a single dose (0.2 mg. per 10 gm. of body weight) to non- 


Tablk 2. The eekect of iiomogesized mouse fituitary oeands on 

MUSCLE r.I.YCOr.BN EFIVEI.S OF C 57 .STRAIN MICE 




CiT strain recipients 




Cdyc.oRcn, mg./gm. 



Heart 

Gastrocnemius 

Liver 

a- 2.5.2 

CJI 30.0 

I 22.S 

Tot 111 Avorano 

Untreated Cj; strain mice 

p** 

2 .<)* 

2 !g 

2,S 

2.S±0.-12^ 

1 .OiO.ll 
(9)t 
< 0.01 

‘l.G"' 

4.3 

3.9 

4.3+0..30 

3.1 +0.15 
(9) 

< 0.01 

2o.O* 

38.S 

49.7 

37 .8 + 5.07 
]5.S±4.28 

(9) 

< 0.01 


* Eni'li value is (he mean of two cle(ermina(ions. 

# Standard error of the mean. 

t Number of mioc. 

** P value for the dilTcrence between the injected and the non-injected miec. 

fasted mice of the Cb? strain at about 9:00 a.m., and the mice were fasted 
for periods up to 6 hours. Within 3 Imurs the stores of glycogen in the heart 
were doubled, whereas only minimal changes occurred in the gastrocnemi¬ 
us muscle or the liver (Fig. 3). It is interesting that this dose of purified 
bovine growth hormone (0.4-0.5 mg.) was no more effective on the stores 
of cardiac glycogen than a single mouse pituitary gland, wet weight 1-2 mg. 
(Table 2 and Fig. 3). 

In another series of experiments, growth hormone was given to non- 
fasted mice of the Cb? strain at about 4:30 p.m. After a fasting period of 4 
hours, the stores of cardiac glycogen were no greater than those in un¬ 
treated mice (Table 3, Part A). This failure in the activity of the hormone 
was puzzling, since dramatic effects were seen if the hormone was given 
only 7 hours earlier in the day (Fig. 3). 

One possible explanation for this failure was the obvious difference in 
the ph 3 '^siological states of the mice at the two times of the da 3 ^ Mice eat 
veiy little during the daj’^, and the stores of liver gljmogen deplete rapicll} 
from 9:00 a.m. to 4:30 p.m. (Figs. 1 and 3). In order to mimic the plysio- 
logical state at 9:00 a.m., mice were given intrapei'itoneal injections o 
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glucose (Table 3, Part B), or Avere forced to eat during the daj’ (Table 3, 
Part C), before growth hormone was administered at 4:30 p.m. The maxi¬ 
mum effect of either treatment was a slight increase (20%) in activity' of 
the hormone (Table 3, B-3 and C-2). However, if the same dose of glucose 
was superimposed upon the forced feeding regime, then the effect of the 
hormone seen after dosage at 9:00 a.m. could be duplicated (Table 3, 
C-3). This same response could be elicited if insulin was given prior to or 


Fig. 3. Effect of growth liormone on 
muscle and liver glycogen of Cj; strain 
mice. The solid lines represent mice in¬ 
jected with growth hormone (0.2 mg. per 
10 gm. of bod}' weight) at 9:00 a.m. and 
then fasted. The dashed lines represent 
fasted, untreated mice. The vertical bars 
represent the standard errors of the means 
of 5-10 determinations per point. 



HOURS OF FAST 


simultaneously with grow'th hormone at 4:30 p.m. (Table 3, D-2). Insulin 
given after growth hormone was less effective (Table 3, D-3), and insulin 
alone had no effect (Table 3, D-1). 

In the young-adult I strain mouse, cardiac glycogen decreased during a 
fast (Figs. 1 and 2). Attempts were made to reverse this depletion b}' ad¬ 
ministering purified growth hormone. Ten young-adult I strain mice were 
given a dose of growth hormone (0.2 mg. per 10 gm. of bodj' weight) at 
4:30 P.M., and fasted for 4 hours. The average concentration of cardiac 
glycogen was 2.4+0.18 (S.E.) mg./gm., which was no different from that 
found in untreated mice (Fig. 1), or mice receiving injections of saline. A 
second group of 10 I strain mice were fasted for 24 hours, then fed for S-9 
liours before receiving the same dose of growth hormone at 4:30 p.m. 
After a 4 hour fast, the average concentration of cardiac glycogen was 
3.9+0.23 (S.E.) mg./gm. This value is about midway between the initial 
level and that found after a 4 hour fast of untreated mice forced to eat 
during the day (Fig. 2). 
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Table 3. The effect of gbowtu iiohmone on cabdiac glycogen in Cs? stiiain mice 
GkOWTII IlOBMONE WAS GIVEN AT 4:30 T.M. TO THOSE GIlOUl’S MABKED WITH AN (*) 
AND IN ALL CASES THE MICE WEBE FASTED FBOM 4:30 TO 8:30 I’.M. ’ 




No. 

of 

mice 

Glycogen 




Experimental conditions 

Heart 

Liver 

Pi 




mg./gm. of tissue 



A. 

The elTect of growth hormone (G.II.) 
1 . No treatment 

9 

2 .0+0.12// 

3.2 + 1.4 




C^) 2. Growth hormone 

12 

2.4 ±0.1.') 

5.G±1.0 

0.07 

— 

B. 

The effect of a dose of glucose given 
prior to G.II. 

1 . Glucose only, 4 hrs. before 
fasting 


2.2 + 0.1.1 


0.5 



(*) 2. Glucose, 1-3 hrs. before G.II. 

0 

2.5+0.24 

7.0+2.2 

0.04 

_ 


(*) 3. Glucose, 4 hrs. licfore G.II. 

G 

2.0+0.14 

5.2±1.2 

<0.01 

0.04 

C. 

The effect of an increa.sed alimenta- 
tiont prior to G.II. 

1 . No treatment 

G 

2.3 +0.2G 

77.0 ±4.7 

0.10 



(*)2. G.II. 

G 

2.8 + 0.15 

80.4 ±G.3 

<0.01 

0.07 


(*) 3. Glucose, 4 hrs. before G.II. 

G 

3.5+0.44 

71 .0+3.0 

<0.01 

<0.01 


4. Glucose, 4 hrs. before fasting 

G 

2.3+0.2G 

G0.7 + G.4 

0.14 


P. 

The elTect of insulin given before, 
witli or after G.II. 

1. Insulin only 

.5 

1.7+0.17 





(*) 2. Insulin, 1 hr. before or simul¬ 
taneously with G.II. 

G 

3.0+0.17 


<0.01 

<0.01 


(*) 3. Insulin, 1 hr. after G.II. 

3 

3.1 ±0.00 

— 

<0.01 

0.05 


i Stiindard error of the moan. 

I’l, ? value for difTorcuces in oardiao plycoRcn from A-1. 
p 2 , P value for differonceR in (lardiae plycopen from A-2. 

t All mice in tlii.R Rrouo wore fa.Rtcd for 24 hour.R, then fed for S-9 liour.s before the begin- 
ning of the seoond fast at 4:30 I’.M. 


We have recently reported (13) that the I strain mouse exhibits decreas¬ 
ing stores of vitamin Be witli age. Therefore, aseries of I and Cs- strain 
mice were fed the stock ration supplemented with 50 mg. of pyridoxine 
hydrochloride per kg. of diet for 2 weeks. The concentrations of cardiac 
gl3'COgen in the two strains during a 24-hour fasting period were no differ¬ 
ent from those shown in Figure 1. 


DISCUSSION 

If differences in the peripheral activity of growth hormone do exist in 
these strains of mice, the}’^ are ccrtainlj’’ not discernible from the changes 
in cardiac glj’cogen. For example, the increments in cardiac glj^cogen dur¬ 
ing a fast were greater in ^mung C 57 than in ^mung A strain mice (Table 1), 
but in. }mung-adult mice the increments were similar in the two strains 
(see section B). If the increments in cardiac gtycogen during a fast are 
solelj’’ the reflection of the titers of growth hormone, then it is difficult to 
explain the well-established observation that A strain mice grow more 
rapidly than Cb? strain mice (2). The behavior of cardiac gtycogen during 
a fast in the I strain presents an even more extreme picture; sizeable in- 
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creases were observed in j'oung mice (Table 1 ), but decreases were observed 
in young-adult mice (Figs. 1 and 2 ), and no changes were observed in 
older mice, as found with the other strains (Table 1). 

The decrease in cardiac gb'cogen in the fasting 5 ’oung-adult I strain 
mouse does not seem to be due to a deficienc}' in the pituitar}' stores of 
growth hormone (Table 2), nor did the administration of rather large doses 
of bovine growth hormone appreeiablj’- alter the depletion of cardiac gb'co- 
gen during a fast (see section D). In view of the fact that the I strain 
mouse has an unusual requirement for p 3 ’ridoxine (13), it was surprising 
that large supplements of pjuddoxine (50 mg. per kg. of diet), did not alter 
the behavior of cardiac glycogen (Fig. 1 ). However, experiments now in 
progress suggest that the time of feeding of the p 3 ’-i’idoxine supplements 
was not optimal, and this point is still under investigation. Since Cori and 
Illingworth (14) have demonstrated that p 3 Hdo-xal phosphate is the co- 
enz 3 ^me of phosphoiylase, and since it has been found that I strain mice 
fed a complete ration exhibit lower levels of vitamin Be at 100 than at 60 
da 3 ^s of age (13), an explanation of the unique decrease in cardiac glycogen 
during a fast in terms of the vitamin Be metabolism offers some promise. 
It is evident that the large stores of muscle glycogen found in the I 
strain (3, 4), and their maintenance during a fast, cannot be due to an ex¬ 
cessive output of growth hormone. 

The data presented in Figures 1 and 2 and in Tables 1 and 2 demonstrate 
that the concentrations and the changes in cardiac gb'cogen in the mouse 
must be related to the age of the animal. Secondly, the stores of cardiac 
glycogen must be subject to a variet 3 ’- of controls which in turn var 3 ' with 
the age and the strain of the mouse. 

One of these controls would appear to be a requirement for the presence 
of insulin for the action of growth hormone on cardiac gb'cogen. The ad¬ 
ministration of growth hormone to Avell-fed mice (at 9:00 a.ji.) 3 delded 
increases of two-fold in the stores of cai-diac gb^cogen (Fig. 3), but a total 
of four trials, using several experimental conditions, failed to 3 deld com¬ 
parable increases if the mice were injected at 4:30 p.m. (Table 3). The in¬ 
crement found in the mice injected in the morning could be duplicated if 
the animals were pretreated with insulin ( 0.1 u./kg.), or with a dose of 
glucose and forced alimentation (Table 3, C-3 and D- 2 ). It is tempting to 
speculate that the peripheral activit 3 ’ of insulin is high at 9:00 a.m., fol¬ 
lowing the large food intake during the niglit, and that the peripheral 
suppb" of insulin is low at 4:30 p.m. because mice feed onb' sporadically 
during the da 3 q or that a reduced output of insulin during the da 3 ' is the re¬ 
sult of rh 3 dhmical controls. It is of interest here also that cardiac glycogen 
did not increase in the fasting mouse until the stores of liver glycogen 
began to increase (Fig. 1). 

Tlie fact that a dose of glucose superimposed upon the forced alimenta¬ 
tion (Table 3, C-3) was more effective than forced alimentation alone may 
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be explained in several ways. It is possible, for example, that the single 
dose of glucose supplied a greater stimulus to the pancreas than a slow 
absorption of glucose from the intestine. This requirement of insulin for 
the action of growdh hormone receives some support from the w^ork of 
Russell and Bloom (9), who found larger increments in cardiac glycogen if 
glucose was given in addition to growth hormone to a fasting rat. It might 
be argued that since growth hormone is as effective in an alloxan diabetic 
rat as in a normal rat, that insulin is not required (8). However, the alloxan 
diabetic rat must have some stores of insulin because a nearty total pan¬ 
createctomy of a rat will produce death within 48 hours unle,ss insulin is 
supplied (15). 
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THE LOCALIZATION OF P=’»-LABELED TRIIODO¬ 
THYRONINE IN THE PITUITARY AND BRAIN 
OF NORAIAL AND THYROIDECTOMIZED 
^lALE RATS 

DONALD H. FORD, STRATOS KANTOUNIS 
AND ROBERT LAWRENCE 

Dcparlmenl of Anatomy, Stale University of New York, Downstatc Medical 
Center, Brooklyn, New York 

ABSTRACT 

The central nervous s 3 -stem and pituitarj' lobes of normal and hj'pothjToid 
male rats were both shown to be capable of concentrating triiodotln-roninc 
following intravenous injection of I“'-labeled triiodotln-ronine. The pituitary 
site of maximal localization was similar to that observed in the guinea pig, being 
greatest in the anterior lobe. 

An autoradiographic studj’ of the central nervous s.vstem and pituitary lobes 
showed a localization pattern similar to that seen in the guinea pig, being pri¬ 
marily associated with nuclear or cellular areas. However, the pronounced 
localization seen in the regions occupied bj’ the neurosecretory structures in the 
guinea pig and rabbit was not observed in the rat. In addition, it was noted 
that the hippocampus, an area not actuallj' studied in the other species, was 
practicall}’ autoradiographicall.v negative in the rat. 

Thj'roidectomj' decreased tlie rate of uptake of labeled hormone in the 
central nervous S 3 'stem. However, the peak concentration was increased in the 
central nervous S 3 ’stem as well as in the adenohypopln-sis. The dela 3 ' in attain¬ 
ing a peak concentration and the increased amount taken up were attributed to 
a deficienc 3 ' in deiodinating mechanisms. A possible role for the tln-roid hor¬ 
mone in maintaining cellular cnz 3 'me s 3 -stems is suggested. 

A. possible relationship between the uptake curves of labelled triiodotln-ro- 
nine and the conjugated form of triiodoth 3 'ronine is discussed. 

Injections with radio iodinated serum albumen showed that the vascular 
space of the rat brain is ver 3 - small, similar to the rabbit, and somewhat en¬ 
larged b 3 ' h 3 ’poth 3 Toidism. 

T he selecth'e accumulation of I*^’-labeled thj’roxine and triiodotliyro- 
nine bj" the pituitary and central nervous S 3 'stem (CNS) of the rabbit 
and guinea pig has been sho 3 vn bj^ several investigators (1, 2, and .3). In 
both species, the uptake of triiodothj'ronine 3vas greater than the uptake 
of tlyvroxine under similar conditions, and it tvas observed that the pitui- 
tarv lobe 3vhich concentrated the most triiodotln-ronine differed between 
species, the anterior lobe being most active in the guinea pig and least 
active in the rabbit. In investigations (3) on rats injected with labeled 
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thyroxine, no observable difference between the two lobes in their affinity 
for the labeled hormone was observed, and they concentrated even less 
than did the median eminence. It was also observed that thyroidectomy 
had little or no effect on the organ/plasma ratios. Inasmuch as these experi¬ 
ments were done with thyroxine whicli is relatively poorly concentrated by 
both the brain and pituitary and since only one time interval after injection 
was used, it is difficult to assess what, if any, effect the thyroidectomy 
actually had, particularly since it would appear that the normal animals 
failed to concentrate tlpyroxinc. 

In view of these negative experiments with thyroxine in the rat and in 
consideration of the greater affinity of neural and pituitary tissues for 
triiodothyronine, the following experiments were performed with the ob¬ 
jective of ascertaining, first of all: if the rat, like the rabbit and guinea pig, 
can localize and concentrate triiodothyronine within the pituitary and 
CNS; 2) whether the pituitary localizes the labeled hormone in a manner 
similar to the rabliit or to the guinea pig; and .3) what would be the effect 
of hypothyroidism on the uptake of thyroid hormone by the neural and 
pituitary tissues. 


MATERIALS AND METHODS 

Tlic P’'-]abclcd triiodotliyroninc used in tlicsc c.vpcrimcnts was obtained from the 
Oak Ridge lal)oratory of the Al)bott Corporation, in a 50% propylene glycol solution. 
The material was checked for purity chromatographically and found to have a mean 
purity of 80% (72-87%). The method of dilution and chromatographie analj-sis has 
been previously described ( 1 ). 

]Male rats of the tVistar strain weighing from 295 gm. to 3S0 gm. were used in this 
investigation. There were .33 normal and 31 surgically thyroidectomized animals. The 
completeness of the thyroidectomy was checked by counting the amount of free iodide 
(131) taken up in the region of the thyroidal trachea after the animals injected with the 
labelled triiodothyronine were killed. If there was an appreciable uptake, indicating the 
presence of thyroidal tissue, the animal was discarded. 

A third group consisted of 20 sham-operated animals. Inasmuch as the data obtained 
from this group was the same as that from normal animals, it will not be included. 

The normal, thyroidectomized and sham-operated animals all received a dose of 
0.5 jug. of triiodothyroninc/kilogram (approximately 34 pc./kg.), intravenously into the 
jugular vein. 

In addition to the above groups, a few animals were injected with a dose of 1 mc./kg. 
(10.5-27.5 pg./kg.). Four animals were used for an autoradiographic study, while 5 
normal and 2 thyroidectomized animals provided fresh tissues for chromatographic anal¬ 
ysis. Finally, 3 normal and 3 thyroidectomized animals were injected with 42 /xc./kg. 
of Radio-Iodinatcd Serum Albumen (RISA) to obtain information relative to the vascu¬ 
lar space in the various parts of the CNS studied. 

All animals were maintained on a standard laboratory chow and water, ad libitum. 
The thyroidectomized animals were also given sufficient calcium lactate in their water 
to provide for a 1 % solution. The thyroidectomy was performed from four to six weeks 
prior to the time of injection. The time intervals at which the animals were killed after 
injection were 5 , 1, 2, 4 and 7 hours. The injection, counting, chromatographic and 
autoradiographic procedures were the same as those previously emploj'ed (1, 4). 
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Since one purpose of the investigation was to observe the effect of hypothyroidism 
on the abilit)' of the pituitarj- and CNS to concentrate the labeled triiodothyronine, a 
statistical evaluation of the data was made by the method of Student “t” (5). How¬ 
ever, it should be pointed out that there is an error of about 5% which occurs when 
counting low levels of radioactivity with the scintillation counters used to obtain the 
data. The addition of this error to the normal biological variation maj' mask or accentu¬ 
ate statistical differences. In view of this consideration, perhaps more attention should 
be directed to the shape and direction of the curves obtained than to the actual statis¬ 
tical differences between isolated points on the curves. 

RESULTS 

In the normal rat, the rate of clearance of I'®* from the plasma after intra¬ 
venous injection with I'®^-labeled triiodothjTonine was very rapid during 
the first \ hour and much slower during the next six and one-half hours 
(Fig. 1). Thyroidectomized animals showed a similar rapid clearing of 
from the plasma during the first \ hour, but the level of radioactivity in 
the blood after this period remained at a slightl}" higher level than in the 



Fig. 1. The concentration of 1'=" in the pituitary and plasma at various time inter¬ 
vals after the intravenous injection of 0.5pg./kg. of triiodothyronine. Tlie solid .symbols 
rcprc.scnt values from normal animals while the hollow symbols rcpre.^cnt the values 
obtained from thyroidectomized animals. 
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normals. This difference was approximately 0.035 /zg. of triiodothyronine 
/lOO gm. of plasma for the last three hours. This difference was significant 
4 hours after the time of injection (P <0.01). 

As the concentration of radioactivity in the plasma fell, there was a 
rapid uptake in both pituitary lobes, which Avas highest for the anterior 
lobe. The greatest concenti-ation Avas attained 2 hours after injection, fol¬ 
lowing which there was a slow decrease in the radioactivity present in both 
lobes. After thyroidectomy, the rate of uptake in the anterior pituitary 
Avas about the same during the first hour, AAoth a slight increase in rate of 
uptake during the second hour. At the time of greatest triiodothyronine 
concentration there Avas 0.063 gg./lOO gm. of tissue more in the thyroidec- 
tomized animals. The sulAsequent rate of fall in concentration closely 
paralleled that of the normal animals, but Avas maintained at a higher level. 
This difference Avas significant 4 hours after the injection of the hormone 
(P<0.01). Note that in both the normal and th 3 Toidectomized groups, 
there Avas a slight drop in the rate of uptake betAveen the and 1-hour 
period. 

The posterior pituitary lobes in both the normal and thyroidectomized 
groups reached their maximal concentration at loAA-er levels than did the 
anterior lolies, the time of greatest concentration being betAA'een the first 
and second hour. At no time during the course of the experiment AA’as there 
an appreciable difference betAveen the tAA-o groups. 

In the CNS of normal animals, the rate of uptake of P^* after the injec¬ 
tion of r^‘-labelled triiodothyronine aa’HS relativel^y fast during the first 
^ hour, during a period in Avhich the plasma values AA'ere falling (Figs. 2 
and 3). This AA'as folloAved Ijj" a definite lag in the rate of uptake for the 
secorid I hour, after Avhich there AA'as again a rapid increase in the concen¬ 
tration of radioactivit}' Avithin the tissues, AA'ith maximal concentration 
occurring at the end of 2 hours. The CNS concentration then fell sloAA’ly for 
the folloAA'ing 2 hours after AA'hich the concentration remained relatively 
constant, paralleling the concentration AA'ithin the plasma. 

In the th^'i’oidectomized animals, the rate of uptake in the CNS during 
the initial 2 hours Avas for all intents and purposes identical to that of the 
normal animals (Figs, 2 and 3), Avith the exception of the isolated mam¬ 
millary body in AA'hich no lag in rate of uptake Avas observed during the 
second |-hour period. HoAvever, the highest concentration Avas not reached 
until 4 hours after injection in these animals. This concentration in the 
most responsiA'e tissue (mammillarj' bod}') aA'eraged 0.009 jug. of triiodo¬ 
thyronine/100 gm. tissue higher than that obseiwed in the normal mam¬ 
millary body (range 0.004-0.014), and the normal neuronal cellular area 
from AA'hich it differed most AA'as the cerebral graj'. The difference in the 
concentration of radioacth'ity AA'ithin isolated mammillary bod}' of the 
normal and thyroidectomized animals Avas significant one hour after the 
injection (P<0.05). During the last 3 hours of the experiment, the con- 
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Fig. 2. Tlic concentration of I”’ in the cerebellum, cerebral gray and cerebral white 
matter at varioms time intervals after the intravenous injection of 0.5 /ig./kg. of tri¬ 
iodothyronine. The solid symbols represent values from normal animals while the hol¬ 
low symbols represent values from thyroidectomized animals. The circles indicate the 
cerebellum (A,.\'), the squares the cerebral gray -and the triangles the cerebral 

white matter (C,C‘). 

centratioii of radioactivity in Hie neural tissues of tln'roidectomized ani¬ 
mals fell at a rate comparable to the rate of fall in the plasma level of 
radioactivity. This rate appeared to be somewhat faster than that ob¬ 
served in the normal animals, where the rate of fall, while less, also paral¬ 
leled the concentration maintained in the plasma. 

It is to be noted in both normal and thyroidectomized animals, that the 
concentration of radioactivity ivas greater in the cerebral gray matter than 
in the white matter, being significantly higher (P<0.05) in the normal 
group 1 and 4 hours after the injection. 

Chromatographic separation of normal plasma samples showed that as 
(he concentration of radioactivity in the plasma drops .sharply with time 
(Fig. 1), the level of radioactivity attributable to triiodothyronine also 
dropped, with the greatest rate of fall occurring in the first one hour (Fig. 
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Pig. 3. The concentration of in the isolated (isol.) mammillarj’ body (b}'.), mid 
brain and tiiberal dicncephalon (dicncephnl.) at various time intervals after the intra¬ 
venous injection of 0.5 pg./kg. of triiodothyronine. The solid symbols represent values 
from normal animals, while the hollow symbols represent values from thj’roidectomized 
animals. 

4). This drop in pla.sma triiodothyronine was accompanied by an increas¬ 
ing per cent of tlie total plasma radioactivit}' which could be attributed to 
free iodide. A somewhat different picture was presented by the thju’oidec- 
tomized group, where the per cent of total plasma radioactivity attributable 
to triiodothyronine fell off much less and was accompanied by a much 
.smaller increase in plasma iodide levels. 

The more rapid rate of dciodination of triiodothju’onine observed in the 
plasma of normal animals was also seen in the adenohj’pophysis and in 
the CNS (Table 1). These differences in the percents of the various forms 
in which the radioactivity was pre.sent are considered to indicate some dif¬ 
ference in the abilities of the adenohypophj’^sis and CNS of the two gioups 
to handle the injected material. With the exception of the posterior pitui¬ 
tary, the tissues in the normal group had less triiodothyronine and more 
iodide than did comparable tissues in the thyroidectomized group. There 
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Table 1. The metabolites of triiodo”' thyroxine present in the pituitary, brain and 
PLASMA of the NORMAL AND HYPOTHYROID MALE RAT AFTER INTRAVENOUS 
INJECTION OF 1.0 MC./KG.* OF THE LABELED HORMONE 


Tissuj 

Triiodothyronine 

Iodide 

Residue 

N 

Tx 

N 

Tx 

N 

Tx 

1 Min Plas 

78.Ot 

76. Ot 

4.0 

4.1 

7.3 

17.2 

2 Hour Plas 

42.7 

57.1 

26.0 

15.5 

28.9 

25.0 

Ant. P.t. 

57.5 

65.7 

7.6 

6.0 

29.4 

25.3 

Post P.t. 

55.4 

39.7 

2.9 

11.0 

33.0 

37.2 

Iso. Mam. Body 

55.0 

73.2 

10.7 

5.4 

26.8 

18.6 

Iso. Tub. Cin. 

34.1 

58.3 

23.9 

10.4 

35.3 

24.8 

Cerebral Grev 

30. G 

69.0 

11.8 

4.2 

41.7 

23.4 

Cerebral White 

38.2 

59.9 

12.1 

9.8 

35.2 

27.2 

Cerebellum 

61.1 

65.5 

4.6 

6.4 

29.0 

24.3 


N = Normal, Tx =Thyroidectomizcd. 

* Dose of Triiodothyronine =25.0 ijg./kg. for normal rat and 21.C fig./kg. for the thyroid- 
ectomized rat. 

t Sum of C animals receiving 0.5 

was also a greater per cent listed as Residue (unidentified iodine-con¬ 
taining substances) found in the tissues of normal animals. 

vSince the "plasma of the thyroidectomized group maintained a higher 
level of total radioactivitj' than that of the normals, the increased radio- 



Fio. -1. \ graphic representation of a chromatographic analysi.s of the distrilnition of 
the inetabolite.s of I'^'-Iabcled triiodothyronine in the plasma of normal and tliyroidce- 
tomized animals after the intravenou.s injection of I me. of the labeled hormone kg. 
(Norm. = normal, Tx-ed = thyroidectomized. I=iodide. and T 3 = triiodothyronine). 
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activity in the tissues of the thyroidectomized animals might be due to the 
increased radioactivity in the trapped blood. If true, the time of highest 
concentration in the CNS and pituitary of the thyroidectomized animals 
would be expected to occur at the same time as in the normals. Even 
though the times at which the maximal concentration occurred differed, it 
was possible that a considerable portion of the increased activity in tissues 
from thyroidecomized animals might be due to the radioactivity of the 
trapped blood. 

The experiment with RISA injected animals (Table 2) showed that the 
radioactivity in the trapped tissue plasma was not great enough to account 
for the increased radioactivity in the thyroidectomized group, despite an 
increase in the CNS blood volume which occurred in most of the CNS in 

Table 2. A coMBAnisoN of the concen’tuation of I'’'-labeleb triiodothyronine (0.5 
/ig./ko.) (—34.0 bc./ko.) and radio iodinated serum albumen (RISA) (42 nc ./ 

KG.) IN THE CNS AND PITUITARY' OF NORMAL AND THYROIDECTOMIZED RATS AS 
REFLECTED RY THE OROAN/PLASMA RATIO 


1 

Triiodothyronine 

One hour after ' 

injection j 

RISA 

One and one-quarter hours after 
injection (= plasma space) 

1 

1 

Normal | 

Thyroid- 

cctoinizcd 

Normal 

Thyroid¬ 

ectomized 

Change 

after 

Thyroidec¬ 

tomy 

Ant. I’iluilarv 

3.45 

2.87 

0.080 

O.OSG 

-0.003 

Post. Pituitnrv 

l.Sll 

1.88 

0.003 

0.048 

-0.045 

Isol. M.Tniniilinrv Body 

0.311 

0.278 

0.0057 

0.0170 

+0.0113 

Isol. Tulicr Ciucreum 

0.284 

0.2G4 

0.0077 

0.0110 

+0.0033 

Tubcnil Dicnccphalon 

0.170 

0.102 

0.0052 

0.0050 

-0.0002 

Cliiiismic Dienccplialon 

0.181 

0.171 

0.005G 

0.00G3 

+0.0007 

Ccrobelhim 

0.240 

0.202 

0.0078 

0.0150 

+0.0072 

Cerebrum 

0.150 

0.14G 

0.0054 

0.0090 

+0.0036 

Cerebral Gray 

0.108 

0.157 

0.0075 

1 0.0126 

+0.0051 

Cerebral White 

0.088 

0.113 

0.0040 

0.0063 

+0.0014 


the thyroidectomized animals (Table 2); (i.e., calculation of the increase 
in the vascular space of the isolated mammillary body, over that normally 
found, showed it to be 0.0113%. When this is multiplied by the difference 
in blood level of i-adioactiAuty at the time of greatest divergence (0.035 Mg- 
at 4 hours), one observes that the 0.00040 Mg- of triiodothyronine/100 gm. 
of mammillary body which would have to be added to the normal or sub¬ 
tracted from the thyroidectomized animals to correct for differences in 
blood volume or total plasma radioactivity, would in no way change the 
result). 

While the plasma volume changes in the CNS of thju’oidectomized 
animals were in all but one instance positive, the changes in the pituitaiy 
Yvere negative, and it is interesting to note that the one part of the CNS 
Yvhich showed a slight decrease in plasma volume is associated YY’ith the 
posterior 23ituitaiy. 

The autoradiographic localization of what Yvas shown to be at least pait- 
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1}' triiodothyronine (Table 1) and its metabolic breakdown products was 
within those parts of the CNS most rich in cell bodies, being much more 
concentrated in the gray than in the white matter. AYhile the pattern of 
localization was similar to that seen in rabbits and guinea pigs, it was 
somewhat more diffusel}' distributed. Other relativelj' clear nuclear locali¬ 
zations were noted throughout the neuraxis (Fig. 5), with a particularly 
marked localization in the arcuate nucleus in the median eminence. It is 
interesting to note that the hippocampus, which possesses a very dense laj^- 
er of pyramidal cells, was much less reactive than the cerebral cortex. No 
pronounced accumulations of radioactivit}’’ could be associated with the 
neurosecretoiy areas, as were shown in the rabbit and guinea pig (1, 2). 

DISCUSSION 

This investigation was designed to consider three questions, which were: 
a) will the CNS and pituitaiy tissues of the rat concentrate triiodothyro¬ 
nine? b) which pituitary lobe will be the most active in concentrating the 
labeled hormone? c) what will be the effect of hypothyroidism on the 
abilitj'^ of these tissues to concentrate the labelled hormone? 

There is little doubt but that the CNS and pituitary tissues in the rat, 
like those of the rabbit and guinea pig, are capable of concentrating 
l-3: 5; 3'-triiodothyronine. Furthermore, the labeled hormone was cleared 
from the plasma at a rate equal to that seen in the rabbit or guinea pig 
(1,2). While the organ/plasma ratios never exceeded one in either normal 
or thyroidectomized animals (Table 2), thej’- still exceeded the plasma and 
hence the water space of the brain (Table 2); so it must be concluded that 
the material had at least passed through the capillar}'- walls. Also, since 
electronmicroscopy of the rat brain (6, 7) reveals practically no extracellu¬ 
lar space, it is probabl}'- safe to conclude that the radioactive material is in 
either the neuronal or glial elements. The nature of the material localized in 
the CNS, as in the guinea pig and rabbit, appeared to be parti}' triiodo¬ 
thyronine and partly its metabolic breakdown products (Table 1). Inas¬ 
much as free iodide is not taken up by the brain within the time limits of 
these experiments (2) and apparently must be incorporated into the thy¬ 
roid hormone before being taken up by neural tissues (8), the iodide ob¬ 
served in the CNS must be derived through intracellular deiodination 
processes. 

The autoradiographic localizations are similar to those observed in the 
guinea pig and rabbit, although a specific localization in the neurosecretory 
area was not observed. This may, in part, be related to the fact that there 
is very little histologically visible neurosecretory product in the rat (9) as 
compared with either the rabbit (10) or guinea pig (unpublished observa¬ 
tion). 

The observation that the hippocampus with its densely packed layer of 
pyramidal cells was autoradiographically negative was surprising. This was 
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Fig. 5. An aiitoradiognipliic representation of the sites of localization of in the 
rat brain after injection of P^'-labcllccl triiodothyronine. A. Coronal section tlirougli 
the cerebelluin and pons; B. Coronal section through the caudal dicncephalon and 
associated cerebral hcniisphcres; C. Coronal section through the median eminence and 
associated cerelrral heniis])heres; D. Coronal section through the rostral dicncephalon 
and associated cerebral hemispheres; E. Coronal section through the pituitary. The 
numbers refer to tlic folloning: 1. Adenohypophysis, 2. Arcuate nucleus, 3. Cerebellum, 
4. Cochlear nuclei, 5. Descending trigeminal nucleus, 6. Descending trigeminal tract, 
7. Gra}- matter, S. Hippocampus, 9. hlammillary body, 10. jMcdian eminence, 11. Ncuro- 
hypophysis, 12. Optic tract, 13. Pons (fibers and nuclei), 14. Restiform body, 15. Seventh 
nerve (fibers), 16. Seventh nerve (nucleus), 17. Supraoptic nucleus, IS. Vestibular 
nuclei, 19. White matter. 
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particular!}' trae since S’Mabelled methionine (11) and S^Mabeled ]>cys- 
tine (12) have shown a rather pronounced localization in this band of cells. 
The observations with the labeled C 3 'stine are of further interest in that 
the autoradiographs were made at A'arious time intervals over a 24-hour 
period. They showed that the hippocampal pyramidal cell area concen¬ 
trated the amino acid more rapidly than did the cerebral cortex. It was 
felt that this indicated differences in the rates of amino acid incorporation 
into the neural protein in these areas. The observation that triiodoth 3 'ro- 
nine is not well localized in the hippocampus by autoradiographic pro¬ 
cedures as compared with the cerebral cortex, also implies some difference 


Table 3. Combakison or central nervous system sites of deiodinating activity with 
THE concentrations OF l'’'-LABELED TRIIODOTHYRONINE IN THE SAME AREAS 


Tissue 

Deiodi- 

natiiig* 

activitj’ 

pg. Triiodothyroninc/100 gm. CXS 
tissue at different lime intervals 
(in hours) 



1 

2 

1 

2 

4 

7 


Whole Brain 


_ 

_ 

_ 

_ 

—t 

Tissues high in 

Cerebrum 


.OQS 

.009 

.013 

.009 

.008 

Dciodinose Xc- 

Cerebral Cortc.v 


.010 

.010 

.020 

.010 

.008 

tivity 

Cerebellum 

S2 

.012 

.Old 

.022 

.0)4 

.0)3 

Tissues low in De- 

Medulla 

37 

.012 

.013 

.023 

.013 

.014 

iodinaso Artivity, 
but relatively high 
in coneentration of 

Mid Brain 
Isolated Mamil- , 

13 

.012 

.013 

.023 

.015 

.015 

laryt Body j 

- 1 

.021 

.017 

.033 

.022 

.024 

Triiodothyronine 


* From Tata (13). 
t Not determined in tliis study, 
j Not determined in TATA’s study. 


between the two areas in the rate at which the normal metabolic processes 
ma}’ be proceeding. 

In previous papers (1, 2) an attempt was made to correlate the higher 
localizations of th 3 u-oid hormone in the h 3 'pothalamus with some specific 
role which it might pla}" in this area. While this still ma}' be true, there 
also exists the possibilit}' that the amount localized ma}' depend on the 
amount of deiodinase present, being low in areas rich in deiodinase. The 
possilfilit}^ of such a relationship was suggested b}' comparing the data on 
triiodothyronine concentration with Tata’s data on deiodinating activit}' 
in the brain (13, Table 3). It was noted that areas relative!}' rich in de¬ 
iodinating activit}', like the cerebral cortex, had a lower concentration of 
triiodothyronine than did the areas low in deiodinating activit}', like the 
mid brain, where the triiodothyronine concentrations were higher. One 
would suspect on this basis that the isolated mammillary body might have 
an even lower concentration of a deiodinating enzyme if this analogy is 
true. Unfortunately, no information is available for this area. If this rela¬ 
tionship is true, the hippocampus might be expected to contain a very high 
level of deiodinase activity, inasmuch as the autoradiographic concentra- 
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tion of triiodothyronine appears to be so low in this structure. If the rela¬ 
tive concentrations of triiodothyronine in the l^rain and pituitary do de¬ 
pend primarily on the relative concentrations of deiodinase, one would 
have to presume that the adenohypoh 3 ^sis, the arcuate nuclei and the neu¬ 
rosecretory region in the rabbit and guinea pig Avould be practically free of 
deiodinase. Inasmuch as chromatographic studies have shown that de- 
iodination is occurring in tliese area.s, one must conclude tliat while the 
relative concentrations of triiodothjn-onine which were found may depend, 
in part, upon the deiodinating activity Avithin that region, this can not be 
the onl}" factor involved. 

The second question pertained to the pituitary site of maximal localiza¬ 
tion, and it Avas ob.seiwed that the anterior lobe, as in the guinea pig, con¬ 
centrated consideraljly more of the labeled hormone than did the pos¬ 
terior lobe. 'Why the rat and the guinea pig differ from the rabbit in this 
respect is still unknoAvn. 

That the thyroid hormone plays some role in the normal function of the 
brain has long been accepted. IIoAvever, the nature of this role has been 
most elusive. There have been manj^ inA'estigations on the utilization of 
oxygen and glucose (14-17), studies on groAvth and maturation and Avascu¬ 
lar supply (lS-22), and effects on the EEG pattern and nerve excitability 
(23-25), 3'et, the precise manner AA'hercby the thyroid liormone affects 
normal brain function has not yet been clearly ascertained. Timiras and 
Woodbuiy (26, 27), haA^e reported a most interesting series of results AA'hich 
appear rather clearly to implicate the thyroid hormone in aiding the ad- 
renocorlicoids in the control of the electrolyte levels Avithin the nerve cells. 
Thus, the third question dealing Avith the effects of thj’roidectomy relates 
to the overall question of the role of tlic thj'roid hormone in CNS func¬ 
tion. 

The tAvo most discernible effects of tliA'roidectomA' Avere that there aa'us a 
slight increase in tlic Avascular space in the thj’roidectomized animals 
(Table 2) and that, AA-hile the ti.ssues of the thyroidectomized animals con¬ 
centrated more of the labeled hormone (Figs. 1, 2, 3, 4), it has taken them 
longer to do so. TJie adenoli.vpophysis is tlie onh' real exception in that it 
achieves its maximal concenti'ation at the same time in both groups. The 
change in Amscular A’olume induced bj' hj'pothju'oidism is not surprising 
since Eayrs (21) has previously shoAvn that hypothyroidism affects the 
Amscular system. 

A third observation, based on chromatographic analysis of the tissues 
and plasma reA'eals a decrease in deiodination in the th 3 a‘oidectomized ani¬ 
mals (Fig. 4, Table 1). This evidence for a disruption in an enzyme func¬ 
tion suggests that one role for the th 3 a’oid hormone ma 3 '^ be in the main¬ 
tenance of intracellular enz 3 nne s 3 'stems. AWiile this is probabl 3 ^ not a role 
restricted to neural tissues, or to deiodinating enz 3 mies alone, nothing 
further can be said at this time. 
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While the increase in the concentration of radioactivity in the tissues of 
th 3 Toidectomized animals maj', in part, be due to the higher concentration 
in the plasma and the slightl^’^ increased vascular space in CNS tissues 
(Table 2), the total increase attributable to these factors was not sufficient 
to account for the change in concentrations. Also, if these were the onl\' 
factors involved, one would have suspected that the time of maximal con¬ 
centration would have coincided with that of the normal animals, as it 
does in the pituitaiy. Inasmuch as the space alterations in the pituitaiw 
were negative (Table 2) and since the increase in plasma radioactivity was 
not enough to account for a rise in anterior pituitarj' radioactivity, some 
other factor must also be concerned Avith the increase observed in the 
adenoh5’^poph3'sis. 

Another explanation for an increased concentration of radioactivit}' in 
the CNS (3) might be that there is no endogenous thj'roid hormone to 
dilute the intracellular concentration of the labeled hormone, thus increas¬ 
ing the potential thyroid hormone space. If this was the onlj' answer one 
would suspect that the time of maximal concentration would be the same 
as that obsei-ved for normals. While this factor ma}' be quite important in 
the pituitaiy gland where the time of maximal uptake is the same for both 
groups, it does not seem to be applicable to the CNS where there is a delaj' 
in reaching the greatest concentration. 

A further possibility for the increased time necessaiy to reach a maximal 
concentration in the CNS is that there maj' be a reduced rate of utilization 
of the incorporated hormone bj' the tlyroidectomized animal. This maA" 
be associated AA’ith a decrease in the rate of deiodination in these tissues 
(Table 1). Such a decrease in the deiodination of the triiodoth 3 U'onine 
might tend to permit a higher accumulation of the hormone AA’ithin the 
tissue before the rate of deiodination exceeds the rate at AA’hich the labelled 
hormone is concentrated. Once this point is reached the deiodination ap¬ 
pears to progress at a sloAA-er rate in the th3’roidectomized animals (Fig. 4), 
and levels off after the fourth hour. In the normals the per cent of free 
iodide in the plasma continued to increase AA'ith time. 

In the presentation of the data, it AA'as noted in almost cveiy part of the 
CNS and in the pituitaiy that there AA'as a short lag in the rate of uptake 
Avhich occurred in the second half-hour period. From the manner in Avhich 
the uptake ciirA^es progress, it Avould appear that all organs are participat¬ 
ing in an initial rapid clearing of triiodoth 3 'ronine from the blood during 
the first ?. hour (Figs. 1, 2, 3). This has also been noted for the adrenals 
(unpublished data) and liver (28). There then folloAA's a decreased rate of 
concentration in the tissues. The time aa'Iicu the rate of concentration of 
radioactivit 3 ' 1)3' the CNS again .sIioaa's an increasing slope (1 hour after 
the injection) corresponds aa'cII AA'ith the time AA'hen the glucuronide- 
triiodothyronine complex formed in the liver starts to appear in the plasma 
in sizeable concentrations (15). The pathAA'a 3 ' for entr 3 ’ of this complex into 
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the blood appears to be in part through biliar.y excretion since the bile is 
very rich in this complex, followed bj^ intestinal resorption (4). This com¬ 
plex is then slowly cleared from the plasma, being practically gone within 
two hours, when the levels of concentration in the tissues again start to fall. 
During the next two hours, this complex agai 2 i starts to appear slowly in 
the plasma, Ijecoming relatively prominent four hours from the beginning 
of the experiment. This corresponds to the time when the kidney has been 
shown to contain large amounts of the complex (29) and coincides with a 
period in wliich tlie rate of fall of CNS radioactivity levels olT, as does the 
fall in plasma activity, possibly due to reentry into the vascular channels 
of a fresh suppl.y of the conjugated form of ti-iiodothyronine from the kid¬ 
ney. The fact that the levels of concentration do not rise is probably due 
to the very low levels of hormone with winch one is dealing at this time. 
Since not even traces of the glucuronidc complex are shown in the pituitary 
lobes, muscle (15) or CNS by chromatographic studies, it is concluded that 
it is onlj' a transport foian of the th.yroid hormone wliich is rapidl}^ dis¬ 
associated to give up the free triiodothyronine which enters the tissue. 
From this discussion, it would appear that the CNS concentration of tri¬ 
iodothyronine is very readily affected by blood levels of either the free or 
conjugated form of the hormone. 
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ABSTRACT 

Glucagon is hydrolyzcfl in vitro by Idood plasma fi'om various species. The 
highest rates occur with tlic plasmas from monkey and rat. IMucii lower rates of 
glucagonolysis are produced by plasmas from guinca-])ig, chicken, man, rabbit, 
cow, dog and cat. The addition of streptokinase to the incubation mixture 
increases markedly the glucagonolytic activit}' of the plasmas from man, mon¬ 
key and cat. In the presence of trace amounts of human plasma or of a crude 
cuglobulin fraction of human plasma, streptokinase increases the glucagono¬ 
lytic activity of the plasmas (or cuglobulin fractions of such plasmas) from 
the various species. The data indicate that plasmin is responsible for the gluca¬ 
gonolytic action of plasma and that the activation of plasminogen by strepto¬ 
kinase is dependent upon a 'proactivator' which is present in human, monkey 
and cat plasmas, and absent or very low in the idasmas from the other species. 

It is proposed that the glucagonolytic action of native plasma is due to the re¬ 
lease of endogenous activators of i)lasminogcn and reflects a more general action 
of plasmin. 

H UMAN pla.sma contain.^ an enzyme .system winch catalyzes the 
destruction of adrenocorticotropin (1, 2, 3), somatotropin (3) and 
glucagon (3). In the presence of streptokinase, this h.ydrolytic activity of 
human plasma is increased markedly' (3). The effect of streptokinase sug¬ 
gested that the active proteolytic enzyme, plasmin, formed from the con¬ 
version of the inactive precursor, plasminogen, is responsible for the de¬ 
struction of these hormones. In accord is the marked acceleration of the 
destruction of the three hormones by a crude euglobulin fraction (plas¬ 
minogen) of human plasma which occurs in the presence of streptokinase 
(3), the rapid rate of destruction produced by purified preparations of 
human plasmin (3) and the splitting of corticotropin A by bovine plas¬ 
min (4). 

The blood plasma or serum from many infra-human species does not 
respond to amounts of streptokinase which readily produce an increase in 
the proteolytic or fibrinolytic activity of human plasma (5, 6, 7, 8, 9, 10, 
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11, 12, 13, 14). In the presence of even minute amounts of euglobulin from 
human plasma, however, streptokinase catalyzes the conversion of rabbit, 
guinea-pig, clog, avian, and bovine plasminogen to plasmin (S, 9, 10, 13, 
14, 15). Consequently, it has been proposed that the catah'sis of the con¬ 
version of plasminogen to plasmin b)' streptokinase is dependent upon a 
co-factor or 'proactivator’ which is presumed to be present in relative!}' 
large concentrations of human plasma but not in that of the dog, rabbit, 
guinea-pig, chicken, duck and rat (S, 13, 14). Accordingly, if plasmin is 
responsible for the destruction of some of the peptide hormones, the pres¬ 
ence of streptokinase in amounts which are effective with human plasma 
should have relatively little or no effect on the proteolytic activity of the 
plasma from the above sub-human species. In the presence of the human 
plasma ‘proactivator,’ however, streptokinase should readily increase the 
proteolytic activity of the plasma. To test this thypothesis, the degrada¬ 
tion of glucagon in vitro by fresh plasma from man, monkey, cow, dog, 
cat, rabbit, guinea-pig, rat and chicken was studied. 

METHODS 

Venous blood was drawn into heparinized syringes from men, monkeys, dogs, cats, 
chickens and eows. Cardiac blood was taken from rabbits, guinea-pigs and rats. In all 
instanecs the plasma was separated rapidly. The activity of the native and strepto¬ 
kinase-treated plasma was determined by incubating 1 ml. plasma with 0.5 ml. buffer 
containing 0.2 ^mole of crystalline glucagon- (M.W. = 10,000) and 0.5 ml. Macllvainc 
buffer (IG) at pll 7.S (without and with 1,000 units streptokinase). The streptokinase 
preparation (Varidasc®)^ assayed approximately 5.000 units per mg. The mixtures 
were incubated in test tubes in a Dubnoff shaker at 37° C for 90 minutes at which time 
the reaction was stopped by the addition of an equal volume of 10 per cent trichlor¬ 
acetic acid (TC.V). Controls consisted of the same mixtures except that the plasma was 
added after the TC.\. The glucagon comprising the substrate contained tracer quanti¬ 
ties of labeled glucagon prepared by the procedure described by Bauman cl al. (17). 
The radioactivity of the whole TC.4 precipitated incubation mixture and of the TC.V 
soluble portion were assayed with a well type scintillation counter and after apjjropri- 
ate corrections the amount of protein that was hydrolyzed was computed as described 
Ijreviously (IS). .\n increase in the per cent of the total radioactivity which appears in 
the TC.\ filtrate indicates the hydrolysis of the substrate (3). 

The effect of human ‘proactivator’ on the degradation of glucagon by streptokinase- 
treated plasma was determined by incubating 1 ml. plasma with 0.5 ml. buffer contain¬ 
ing 0.2 pmole of crystalline glucagon and 0.5 ml. buffer at pH 7.S containing 1,000 units 
streptokinase without and with 0.01 ml. human plasma. The human plasma was incu¬ 
bated with the streptokinase for 5 minutes before the addition of the other constituents 
of the incubation mixture. The action of the 0.01 ml. human plasma plus streptokinase 
was determined by incubating the same mixture except that the animal plasma was 
added after the precipitation with TC.\. 


- We are indebted to Dr. W. R. Kirtley. Eli Lilly and Company, for generous siij)- 
])lics of crystalline glucagon. 

We arc indebted to Dr. J. M. Ruegsegger. Lederlc Laboratories, American Cyana- 
mid Company, for generniis sunnlies of streptokinase (Varidase®). 
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Crude cuglobulin (plasminogen) fractions of human and animal plasmas were pre¬ 
pared by precipitating fresh plasma with 19 volumes of distilled water and adjusting to 
pH 5.2 with 0.5 per cent acetic acid (19). The precipitate from each ml. of plasma was 
resuspended in 1 ml. of iMacIlvainc’s bufTer at pH 7.8. Each incubation mi.xture con¬ 
sisted of 1 ml. of the animal plasma cuglobulin solution, 0.5 ml. buffer containing 1,000 
units streptokinase without and with 0.01 ml. human plasma cuglobulin solution and 
0.5 ml. buffer containing 0.2 /iinolc glucagon. The human plasma fraction was incu¬ 
bated with the streptokinase for 5 minutes before the addition of the other constituents 
of the incubation mixture. In addition, the activity of the human cuglobulin fraction was 
determined by incubating the same mixtiirc except for the animal plasma fraction which 
was added after tlie precipitation with TCA. 

Radioautographs of chromatograms of various incuiiation mixtures were prepared 
by the procedure described by Tong, Taurog and Chaikoff (20). 


RESULTS 

Native plasma (0.5 ml. per ml. incubation mixture) from all the species 
.studied destroyed glucagon (0.1 gmole per ml. incubation mixture) to 
some degree during the 90 minute incubation period. The data (mean 
±S.E.) obtained with plasma from the various species is illustrated in Fig¬ 
ure 1. The highest rate of glucagon degradation was produced with 
monkey plasma (14.2 ±1.5%). Untreated rat plasma also produced a rela- 



Fig. 1. Degradation of Glucagon by the Plasma from Various Species. 

The per cent of glucagon (mean + S.E.) destroyed in 90 minutes incubation witli 
plasma, without and with streptokinase, was computed as indicated in text. The numer¬ 
als refer to the number of samples that were studied. 
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tivel}' high rate of glucagon destmction (13.7 ±0.7%). The mean activity 
of 34 samples of human plasma (3.1 ±0.6%) was lower than that observed 
earlier (3) and in the range of the activities obtained with the native 
plasmas from guinea-pig, rabbit, chicken, dog and cat. 

The addition of streptokinase (1,000 units per ml. plasma) to the incu¬ 
bation mixture resulted in a marked increase in the rate of glucagon deg¬ 
radation produced b}’ human, monkej' and cat plasmas (Fig. 1). No sta- 
tisticall}" significant change in the activity of the plasma from any of the 
other species occurred in the presence of streptokinase. Radioautographs of 
chromatograms of aliquots of the incubation mixtures containing glucagon, 
plasma and streptokinase are illustrated in Figure 2. 20 X of each incuba¬ 
tion mixture was taken at 0, 1 and 2 hours and applied as a streak to the 
pages. Although it was necessaiy to overload tlie chromatograms to do so, 
the radioautographs reveal that some degree of glucagonolytic activity is 
exerted by the plasma from each of the species. 

The influence exerted by the ‘proactivator’ present in human plasma is 
illustrated in Figure 3 which depicts the data obtained (mean ±S.E.) after 
incubation of the plasmas (0.5 ml. per ml. incubation mi.xture) with gluca¬ 
gon (0.1 /imole per ml. incubation mixture) and streptokinase (500 units 
per ml. incubation mixture) with and without human plasma (0.005 ml. 
per ml. incubation mixture). Appropriate corrections were made for the 
activity of the human plasma plus streptokinase. Only those species whose 
plasmas were not activated by streptokinase were studied. It is evident 
that the presence of the ‘proactivator’ in the relativel}' small volume of 
human plasma produced a marked acceleration in the rate of glucagon 
degradation by the plasma from the guinea-pig and the dog. The activity 
of rat plasma was moderate^ increased in the presence of the ‘proactiva¬ 
tor’ while the activity of rabbit plasma was not changed significantly. The 
activity of the streptokinase-treated plasmas from chicken and cow was 
inhibited l)y the human plasma. 

In order to reduce the quantity of plasmin inhiljitors present in the hu¬ 
man and animal plasmas, the effect of a euglobulin fraction prepared from 
fresh human plasma (equivalent to 0.005 ml. plasma per ml. incubation 
mixture) on the activity of a similar animal plasma fraction (equivalent to 
0.5 ml. plasma per ml. incubation mixture) was studied after a preliminaiy 
incubation of the former with streptokinase (500 units per ml. inculjation 
mixture). Appropriate corrections for the activity of the human plasma 
factor plus streptokinase were made. The data (mean ±S.E.) obtained are 
illustrated in Figure 3. As with the native plasma, the streptokinase-treated 
human euglobulin fraction increased the activity of the euglobulin frac¬ 
tion of the guinea-pig plasma and, to a lesser degree, of the dog plasma 
fraction. In addition, the streptokinase-treated human plasma fraction 
jiroduced a more marked enhancement in the proteolytic activity of the 
rat and ralibit euglobulin plasma fractions than did an equivalent amount 
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Fig. 2, Degriulation of Glucagon by Strcptokinase-Treatccl Plasma from Various 
Species. 

Radioautographs of dcsciMuling chromatograms of 20 X aliquots of incubation ma¬ 
tures removed at designated intervals (hours), streaked on paper and chromatographed 
as indicated in tc.vt. 

of native human plasma. Furtlier, wliereas tlie native human plasma pro¬ 
duced an inhibition in the activity of the plasma from chickens and cows, 
the euglobulin fraction of human plasma produced a marked increase in 
the activity of the bovine plasma fraction and a small but statistically sig¬ 
nificant inci-ease in the activity of the chicken plasma fraction. 

DISCUSSION 

The data reported herein reveal that plasma from monkej'^s and rats can 
destroy glucagon at a relativelj’^ high rate while that from man, cat. 






Glucogon Degraded - Per Cent 
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Fig. 3. The Effect of Human ‘Proactivator’ on tlic Gliicagonoh'tic Action of Strepto¬ 
kinase-Treated Plasmas from Various Species. 

The methods employed are indicated in text. The numerals refer to the number of 
plasmas studied. 

guinea-pig, rabbit, chicken, dog and cow exerts a much lower rate of 
destruction. If it be assumed that 0.1 pg. glucagon is equivalent to one cat 
unit (the amount per kilogram of bodj' weight which produces a rise of 
30 mg. per cent in the blood sugar of the cat) (21), then the rates of 
destruction of glucagon by monkey and rat plasmas in 90 minutes arc 
5G.S +G.0 and 54.S +2,S cat units respectively. Even the much lower rates 
of hydrolysis produced by guinea-pig, chicken, human, rabbit, bovine, dog 
and cat plasmas are not negligible when expressed as cat units of glucagon 
hydrolyzed per ml. plasma per 90 minutes, viz., 25.4+3.2, 13.6 + 1.6, 
12.4+2.4, 10.S+ 1.6, 10.0+2.4, 9.2+2.0, and .3.2+ 1.6 units respectively. 

That the hydrolysis of glucagon by the native plasma of man is due to 
plasmin is suggested by the marked increase in the glucagonolytic activity 
of the plasma in the presence of streptokinase. The absence of a significant 
affect of the same concentration of streptokinase on the glucagonolytic 
activity of the plasmas from the rat, guinea-pig, rabbit, chicken, dog and 
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cow is in accord with the reports that the plasminogen in tlie plasma of 
these species is relativel}^ resistant to the action of streptokinase (5, 6, 7 8 
9, 10, 11, 12, 13, 14). 

The only sub-human species whose plasma developed an increased 
glucagonolytic activity in the presence of streptokinase are the monkey 
and cat. This observation suggests that whereas the plasmas of the other 
sub-human species do not contain some 'proactivator’ essential to the 
action of streptokinase, monkey and cat plasmas do contain such a factor 
or are moi-e susceptible to the action of streptokinase. In accord is the 
demonstration by Clillton and Downic (G) that the cascinolytic activity of 
monkey plasma is increased by streptokina.se. No data on the influence of 
streptokinase on the caseinolytic or filrrinolytic activity of cat plasma is 
available. 

Although a concentration of streptokinase which readily catalyzes the 
conversion of human plasminogen to plasmin is ineffective in increasing 
the glucagonolytic activity of the plasmas from the various sub-human 
.species other than monkey and cat, the addition of a small amount of 
human plasma together with the streptokina.se accelerates the activity of 
guinea-pig, dog and rat plasmas. Under similar conditions, however, the 
activity of the plasmas from rabbits, chickens and cows is not increased. 
Since human and other plasmas contain plasmin inhibitors, the negative 
re.sults may be due to the addition of such inhibitors which in turn ma.sk 
the effect of streptokinase. In accord is the demonstration that in the 
presence of a crude euglobulin fraction which is relatively poor in inhibi¬ 
tors, streptokinase produces a marked increase in the activity of the crude 
euglobulin fraction of the plasmas from all the sub-human .species. 

The preceding is in accord with the hypothesis that a human ‘proactiva¬ 
tor’ may be involved in the process Avhereby streptokinase catalyzes the 
conversion of plasminogen to plasmin. The demonstration that some acti¬ 
vation of the plasminogens fronr the plasmas of A'arious sub-human species 
can l^e produced by very high concentrations of streptokinase (22, 23) 
does not negate this hypothesis. Nor is the hypothesis rendered invalid 
by the studies which suggest the activator of sub-human plasminogens is 
a streptokinase-plasminogen complex (15, 23) or plasmin itself (10, 12, 
24). It is pei’tinent to nolo, however, that in'espective of the manner 
Avherelry streptokinase catalyzes tlie conversion of plasminogen to plas¬ 
min, this conversion can be produced by a variety of other ‘activators’ 
(13, 24). Among such activators are factors Avhich are found in nearly all 
the tissues of various species (13, 14). 

An activator of plasminogen appears rapidly in the circulation of ani¬ 
mals and men after exposure to electroshock (25, 26, 27), the injection of 
pyrogens (26, 27), and the production of a local ischemia (26, 27). The 
release of such an acthmtor from the tissues into the circulation is believed 
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to be responsible for the increased fibrinob'tic and/or proteol 3 -tic activity 
of the blood which is observed in such varied conditions as anaphylactic 
shock (28, 29), haemorrhagic, traumatic and thermal shock (30, 31, 32, 
33, 34), acute febrile states (27, 35, 36), liver disease (37, 38, 39), toxemia 
of pregnancy (39), total bod}’ irradiation (40), electroshock convulsions 
(25, 27, 41), severe exercise (27, 42), local ischemia (27, 43), emotional 
tension (44, 45), after injections of adrenocorticotropin (32), adrenalin 
(27, 42, 46, 47), acetylcholine, 5-hydroxytryptamine, and Pituitrin®’ 
(46, 47). 

The release of small amounts of endogenous activators of plasminogen 
may be responsible for the glucagonolytic action of plasma from appar¬ 
ently normal men and animals. It is doubtful that this contributes signifi¬ 
cantly to the rapid rate of destruction of glucagon l)y the intact animal 
(48, 49) or by liver extracts (50, 51, 52). Not only does the ‘glucagonase’ of 
liver extracts exhibit a more marked glucagonolytic activity but it differs 
from plasmin in its resistance to inhibitors of plasmin while inhibitors of 
‘glucagonase’ do not affect the action of plasmin (53). The glucagonolytic 
action of plasma, however, may reflect some more general process involv¬ 
ing plasmin since this enzyme catalyzes the hydrolysis of many proteins. 
Thus, in addition to its potent fibrinolytic action, plasmin catalyzes the 
hydrolysis of adrenocorticotropin (3, 4), somatotropin (3), serum comple¬ 
ment (54), AC globulin (55), various plasma globulins (56), casein (57), 
fibrinogen (58) and other proteins. Although plasmin differs from trypsin 
in many respects, it resemljles trypsin in its action on a numlser of proteins 
and on synthetic polypeptides containing the basic amino acids arginine 
and lysine (24). 

The variety of situations which provoke tlie release of activators of 
plasminogen and the numerous proteins which are hydrolyzed by plasmin 
suggest some function in the sequence of events which characterize the 
somatic responses to noxious stimuli. In accord is the observation that the 
incuiDation of plasma or plasma globulins with plasmin results in the rapid 
production of polypeptides with vasodilator and myotrophic properties 
(59, 60, 61). These peptides appear to be identical with the liradykinin 
which is formed Avhen plasma globulins are incubated with trypsin (61, 
62). Other polypeptides which induce an increase in vascular permeaijility 
are formed under in vitro conditions which suggest that they are products 
of plasmin activity (61). The demonstration that the incubation of q:- 2- 
glolndin Avith trypsin rapidly yields a specific tetradecapeptide wind), in 
turn, is split by )-cnin at its leucyl-leucine linkage to release the decapeptide 
angiotensin I (or hypertensin I) (63, 64) .‘suggests that a similar sequence 
of events may be initiated Ijy the action of plasmin. These and other con- 
sidei-ations suggest the hypothesis that a variety of physiologically-active 
peptides are produced when plasminogen is activated in the circulation of 
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the animal exposed to noxious stimuli. The effectiveness of such activa¬ 
tion, however, will be dependent upon tlie extent to which the plasmin is 
inhibited by circulating inhibitors. 
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THE EFFECTS OF THE ARYLSULFONYLUREAS ON 
THE RESPIRATORY ACTIVITY AND GLUCOSE 
METABOLISM OF ISOLATED RABBIT 
KIDNEY CORTEX^ 
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Boston, Massachusetts, and the Howard Hvghes Medical Institute 

ABSTRACT 

Slices of kidney cortex from fed and from fasted rabbits were incubated in 
the Warlmrg apparatus in glucose-free and glucose-containing phosphate- 
buffered media. The addition of 5X10“^ M Orinasc in vitro effected an increase 
in cellular hydration and a profound rediiction in oxygen consumption. Net 
disappearance of stable and radioactive glucose from the suspending medium 
was increased in five of six experiments. In all studies with 5X 10~’ M Orinase, 
significantly smaller proportions of the assimilated glucosc-C*'' were incorpo¬ 
rated into tissue lipids or recovered as radioactive CO;. Under similar condi¬ 
tions, the metabolic product of Orinasc, p-carboxyphenylsulfonylurca, was 
less than one-fifth as potent an inhibitor of the respiratory metabolism of sur¬ 
viving rabbit kidney cortex. 

D ESPITE exteiDsive investigations designed to elucidate the mech¬ 
anism of action of tlie hypoglycemic avylsiilfonylureas, the data con¬ 
cerning tlieir effects upon tlie rcspiratoiy metai^olism of isolated cellular 
preparations are meager. In the present studies, surviving slices of rabbit 
kidney cortex were incubated in the pre.sence of l-butyl-3-p-tolylsuIfonyl- 
urea (Orinasc),’ and l-butyl-S-p-carboxyphenylsulfonjdurea (p-carboxy- 
phenylsulfonylurea)the principal metabolic end-product of Orinase in 
man (1, 2). The selection of kidney tissue as the experimental preparation 
was prompted b.y several considerations. First, since Orinase and its 
metabolites are excreted chiefly by the kidney (3), it might be anticipated 
that concentrations of drug in excess of plasma levels could occur in this 
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fonylurea) used in these investigations were made available through the generosity of 
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area. Secondly, since many of the glycogenol.vtic, gluconeogenetic, and 
glucose-releasing sj'stems which have been shown to be affected b}’ Orinase 
in the liver (4, 5, 6) are also present in the kidne}" (7, S, 9), it was felt that 
kidney tissue might afford another s}'stem for analj'sis of these phe¬ 
nomena. Finally, slices of rabbit kidney cortex constitute a hardy and 
metabolicall 3 "-active preparation in which there is read.v utilization of exog¬ 
enous substrates, and in which the effects of metabolic inhibitors in vitro 
have been ampl}’’ documented (10, 11). 

METHODS 

Seven experiments were performed. For each experiment, a male 2-3 Kg. rabbit was 
killed b}' a blow on the head. Slices of 0.3-0.4 mm. thickness were prepared from excised 
wedges of kidnej’ cortex and floated on chilled saline. Occluded blood elements and 
plasma were removed from the slices by three successive five-minute washings with 
chilled saline. Slices were weighed on a torsion balance and introduced into 2.7 cc. of 
suspending medium contained within the main compartment of chilled tVarburg ves¬ 
sels. The medium was composed of 0.131 M NaCl, 5 mi\I KCl, 1.2 m3I IMgSO^, 0.8 niM 
CaCl: and 10 m!M sodium phosphate buffer (pH 7.4). Experimental media were supple¬ 
mented with the desired concentrations of the sodium salts of Orinase- or p-carbo.xy- 
phcnylsulfonylurea-and adjusted to pH 7.4 prior to the addition of phosphate buffer. 
The osmolarity of all media was maintained constant by appropriate reductions in the 
NaCl. Three separate lots of Orinase were employed: lot #11, 5S4-2 for experiments 
#1, 4, and 5; lots #11, 745-4 for experiments #2 and 3; lot #11, 715-12 for experiments 
#G and 7. Onlj' a single preparation of p-carboxj-phenylsulfonyhirca was available for 
examination. Center wells of the Warburg vessels were filled with 0.2 cc. 5% KOH and 
fluted strips of filter paper. Details of incubation and manometric techniques have been 
described previous!}' (12). Ten minutes were allowed for gassing of flasks with pure 0: 
and for thermal equilibration at 38° C. Thereafter, there was introduced from the side- 
arms 0.3 cc. of suspending medium containing O.G to 2.0 ric. of uniformly-labeled glu- 
cose-C“^and sufficient unlabeled glucose to achieve a final glucose concentration of 19G- 
232 mg.% in the main compartment. Following variable periods of incubation, slices 
were removed, weighed on a torsion balance, and quickly frozen with solid CO 2 . The 
frozen tissues were employed for subsequent fractionation. In experiments in which the 
water-content of the slices was estimated, the wet slices were introduced into tared 
weighing bottles; wet-weight was determined immediately, and final dry-weight was 
measured following desiccation to constant weight in an oven at 105° C. 

.Miquots of the suspending medium were analyzed for glucose by the Nelson modifica¬ 
tion of the Somogyi method (13) and precipitated as the glucosazone for radioactive 
assay. Center wells were rinsed and filter-paper strips were eluted with CO-free water. 
The alkaline washings and corresponding eliiatcs were pooled. C"0: was quantitatively 
lirecipiatcd as BaC'^Os with BaCL and plated on stainless steel planchets. Extracts of 
total lipids were prepared by homogenizing the frozen slices with chloroform: methanol 
according to the method of Folch, Lees, and Sloanc-Stanlcy (14). The extracts were 
washed twice to remove water-soluble contaminants and then evaporated to dryness in 
tared weighing vessels. The dried residues were resuspended in petroleum ether, and 


’ I niformly-labeled glucose-C'* was prepared by Traeerlab, Inc., Boston Massachu¬ 
setts. The specific activity of this preparation was 0.274 mc./mM. Homogeneity was 
verified in the authors’ laboratory by one-dimensional paper chromatography in butanol 
/glacial acetic acid/ILO and propanol/cthyl acctatc/H.O solvent .systems. 
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plated on lens paper discs contained within stainless steel planchets. All determinations 
were performed with duplicate vessels. 

A Robinson windowicss proportional flow counter was employed for radioactive as¬ 
says and samples were corrected for self-absorption to a mass of 5 mg. Sufficient counts 
were observed to reduce the probable error of the measurement to less than 3%. 

Results were e.xprcsscd as follows: O.xygen consumption was estimated in terms of 
QO 2 (cu. mm. O 2 per hour per mg. of initial wet weight). Relative changes in the mass 
of the suspended slices during incubation were assc.ssed by ratios of final/initial wet 
weights. The net assimilation of glucose, expressed ns “jug,/mg. initial wet weight,” was 
derived on the basis of chemical estimates of the glucose concentration of the media at 
the beginning and the end of incubation, and a known volume of 3 cc. of suspending 
medium within each flask. Specific activities of the glucose in the final suspending media 
were determined on the basis of glucosazoncs and calculated as “counts/mg. glucose.” 
The formation of radioactive C02 and lipids from uniformly-labeled glucose was quanti¬ 
tated in terms of "% of the total added radioactivity.” 


RESULTS 

1) Oxygen Consiimplion: Results of the seven experiments are listed in 
Table 1. Inclusion of 5X10''''’ M Orinase in the suspending medium 
effected a uniform and highly significant reduction in the oxygen consump¬ 
tion of surviving rabbit kidney slices. During the first liour of incubation 
in glucose-containing media, the QO 2 values of slices from fasted and from 
fed rabbits averaged 49.7% and Gl.9% respectively of control values. Per¬ 
centile inhibitions were even greater during the second and tliird hours of 
incubation. A comparable depression of respiratory activity by 5X10“® M 
Orinase was observed in one experiment (^/5) wherein glucose was omitted 
from the suspending medium. The metabolic product of Orinase, p-car- 
boxyphenjdsulfonylurea, was not as potent an inhibitor of respiratory 
metabolism. In three experiments, the average oxygen consumption dur¬ 
ing the first hour of incubation with 5X10~ M p-carboxyphenylsulfonyl- 
urea was 91% of the control value. The inhibition approximated that 
which was observed with 1X10~’ M concentrations of Orinase. 

2) Sh'ce Weight: A significant reduction in the wet weight of slices 
occurred during incubation. The final wet weights of slices from control 
vessels in seven experiments averaged 78.8 of the initial wet weight (Table 
1). Inclusion of 1X10~^ M Orinase or 5X10~® M p-carboxyphen 3 dsul- 
fonjdurea in tlie suspending medium did not affect the manifest loss of 
weight. However, a preservation of wet-tissue weight, and, in two in¬ 
stances, an actual gain in weight occurred during incubation with 5X10"^ 
M Orinase. Results of desiccation revealed that the apparent maintenance 
of wet weight by 5 X10“^ M Orinase was caused by an increase in the tis¬ 
sue content of water (Table 2). 

3) Utilization of Glucose: Based on chemical determinations, the net 
disappearance of glucose from the medium (i.e. pg. glucose/mg. initial 
wet weight) was increased b}'^ 5X10“^ M Orinase in five of six experiments 
(Table 3). Less pronounced effects were also produced bj"^ 1X10“® M 
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Table 1. The effects of the akylsulfon'ylureas upon the respiratory metabolism 

OF SURVIVING SLICES OF RABBIT KIDNEY CORTEX 


Expt. 

i 

Diet 

Initial 

medium 

glucose 

(mg.%) 

Initial 

slice 

wt. 

(nag.) 

Incubat. 

(mins.) 

Drug* 

Cone. 

(1 X10-’ 
I\I) 

QO:t 

Final wt. 

Initial 

wt. 

1 

Fasted 

232 

200 + 10 

90 

None 

— 

1.03 







R-CHj 

5 

0.96 







R-CH, 

1 

1.22 







R-CH, 

0.1 

1.42 


2 

Fasted 

212 

350 + 10 

120 

None 

— 

1.71 

0.765 






R-CH, 

5 

0.74 

0.902 

3 

Fasted 

196 

300 + 10 

150 

None 

— 

2.02 







R-CH, 

5 

0.95 







R-COOH 

5 

1.83 




921 

150 + 10 

90 

None 

— 

1.09 

0.817 


■■■ 




R-CH, 

5 

0.84 

0.94C 



0 

150 + 10 

90 

None 

— 

1.40 

0.755 






R-CH, 

5 

0.46 

0.875 

0 

Fed 

217 

300 + 10 

180 

None 

_ 

1.80 







R-CH, 

5 

1.17 

^■IR 9 






R-CH, 

1 

1.52 

iI 






R-COOH 

5 

1.58 

■ifiiia 

7 

Fed 

198 

310 + 10 

180 

None 

— 

1.08 

0.818 






R-CH, 

0 

1.20 

1.105 






R-CH, 

1 

1.46 

0.778 






R-COOH 

5 

1.59 

0.754 


* R = CILCH2CHoCILNHCONHSO:^_/ 

R-CHj refers to l-butyl-3-p-tolylsulfonj'lurea (Orinase) and R-COOH refers to 1-butyl- 
3-p-carboxyphonyIsiilfonylurea (p-carboxyplicnylsulfonylurea). 

t Average values for QO: (/il. of Oi/mg. initial wet weight/hr.) during the first hour of 
incubation. 


Table 2. The effect of the arylsulfonylureas upon the water-content of 

SURVIVING slices OF RABBIT KIDNEY CORTEX 


Expt. 

Drug 

Cone. 

(IXlO-^M) 

Slice weight (mg.) 

Final 

water 

content 

(mg.) 

Initial 

Final 

wet 

. 

wet 

dry 

3 A 

None 

-- 


210.5 

44.1 

172.4 


R-CH, 

5 

296.5 

257.8 

39.3 

218.5 


R-COOH 

0 


214.3 

40.0 

108.3 

7A 

None 

— 


235.5 

50.8 

178.7 


R-CH, 

5 

■ITililCH 

319.2 

52.7 

200,5 


R-CH, 

1 


235.0 

54.2 

ISO.8 


R-COOH 

5 

309.5 

231.2 

53.2 

178.0 
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Orinase and 5X10“® M p-carboxyphenylsulfonylurea. Recalculation of 
results in terms of ng. glucose/mg. final wet weight reduced the magnitude 
but did not alter the direction of the differences between control and ex¬ 
perimental values. 

In preliminary studies Avith homogenates of rabbit kidney cortex, the 
presence of glucose-6-phosphatase activity was easily demonstrated (15). 
Enzyme activity per gram of tissue was increased in fasted animals. Simi¬ 
lar dietary dependencies have recently been reported for the glucose-6- 


Tabi.e 3. The eefect.s or the AnvESb'i.ro.xrEunEAS uro.v the metaboei.sm of 

GEUCOSE HA' SUnVIVr.N'G St.tCES OF nABBIT KID.N'EA- COUTEX 


Expt.* // 

Drug 

i 

Gone;. 

(1 X10-=M), 

Net 

assimilution 
of gliieo.'.-e 
(gg./mg.) 

Fitml S.A. 
glucose C" 
(coun(.s/mg.)t 

% added C" 
recovered as 

Lipid 

CO, 

1 

Noim 

_ 

(>.0-1 

07,191 

0.21 

5.3 


n-ciE 

ry 

8.3-1 

73,413 

0.12 

4.0 


R-Clln 

1 

7.()0 

00,702 

0.23 

5.5 


R-CIE 

1 0.1 

(i.()7 

1 

70,551 

0.24 

4.9 

2 

XoiU' 

_ 

G.32 

50,100 

0.50 

9.7 


R-CII., 

5 

».V.) 

50,015 

0.29 ' 

4.4 

3 

None 

_ 

5.59 

24,813 

0.30 

0.3 


R-CIE 

0 

0.40 

21,812 

0.18 

5.3 


R-COOIT 

0 

0.07 

24,224 

0.31 

C.G 

4 

None 

_ 

0.20 

00,715 

0.17 

1 

7.7 


R-CIb 

5 

7.70 

.57,202 

0.13 

5.1 

() 

None 

__ 

1 

5.72 

02,437 

0.28 

7.0 


R-CII.1 

5 

8.47 

58,880 

0.19 

1 0.7 


R-CIE 

1 

S.23 

57,370 

0.31 

! 8.8 


R-COOII 

0 

7.84 

01,280 

0.31 

j 0.4 

7t 

None 

_ 

8.57 





R-CIE 

5 

11.05 





R-CII, 

1 

10.94 





R-COOII 


10.45 





* Niiml)oiT refer to llie .'fiune e.\i)criincnt.s for Avliicfi pfirtiel results ere tabulated on Ta¬ 
ble 1. 

t S.A. =Spcrifie aetivity of kIuco-so in .suspending medium at end of incubation, 
j Radioactive glucose was not employed in Expl. #7. 


phosphatase of rat kidney (9). However, despite the enzymatic potential 
for the release of glucose, and in contradistinction to the published find¬ 
ings for surviving rat tissue (8), it has not been possible to demonstrate a 
measurable production of glucose during the prolonged incubation of 
kidney slices from fed or fasted rabbits in simple saline media (15). None¬ 
theless, it remained possible that such phenomena could occur in the 
glucose-containing systems employed in the present studies. Therefore, 
the specific radioactivities of the glucose in the media were examined at 
the end of incubation in order to assess the possibility that the manifest 
effects of Orinase resulted from an inhibition of glucose production. Within 
the limits of analytical accuracy, the final specific activities of the control 
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and Orinase-containing media were not significant!}' different (Table 3). 
Hence, the apparent increase in the assimilation of glucose in the presence 
of Orinase cannot be attributed to a depression of glucose production. 

4) The Melaholism of Ghicosc-O*: In the five experiments where radio¬ 
active measurements were obtained, the absolute incorporation of glucose- 
C“ into lipids was reduced an average of 39.5% below control values by 
5X10"^ M Orinase (Table 3). Comparable effects were not obtained Avith 
5X10“^ M p-carboxyphenylsulfonylurea. The inhibitory action of Orinase 
paralleled the depression of QO:. The percentage of the added C'* AA'hich 
AA'as evoHed as radioactiA’-e CO« A\'as also consistently reduced by 5 X10“^ 
M Orinase. HoAA’ever, the effects Avere modest in those experiments in 
AA'hich Orinase increased the net assimilation of glucose. 

To document the metabolic disposition of this glucose, the isotopic data 
AA'ere recalculated in terms of the percentile distribution of the radioactive 
glucose AA’hich disappeared from the medium (i.e. percentage of assimilated 
glucose C“). This calculation disclosed that a significantly smaller pro¬ 
portion of the assimilated glucose AA'as oxidatively decarboxylated or in¬ 
corporated into lipids in the experiments AA'here 5X10~^ M Orinase en¬ 
hanced the manifest removal of glucose from the medium. 

DISCUSSION 

During the incubation of surAUAung slices of rabbit kidney cortex in 
phosphate-buffered saline and an atmosphere of oxygen, 5X10“^ M 
Orinase effected an approximate hahdng of oxygen consumption. At the 
same time, cellular AA'ater increased, an effect AA'hich has been preAuously 
described as an iiiA'ariable concomitant of respiratory inhibition in iso¬ 
lated rabbit kidney (11). These changes in oxidatiA'-e activity and cellular 
hydration occurred in glucose-free as AA-ell as glucose-supplemented media. 
Glucose-C*'* AA'as employed to document some of the metabolic sequelae. 
In all studies, the absolute incorporation of radioacthuty into tissue lipids 
AA'as profoundly reduced by 5X10“^ hi Orinase. HoAvever, effects upon the 
utilization of glucose AA’ere more A'ariable. In five of six e.xperiments, 
5X10“^ j\I Orinase caused a moderate apparent increase in the net disap¬ 
pearance of glucose from the suspending medium. Measurements of the 
final specific actmties of the uniformly-labeled glucose in the suspending 
media AA'ould make it appear unlikely that this reflected merely an in¬ 
hibition of renal glucose-production. An alteration in the metabolic dis¬ 
position of the glucose AA’as indicated by a uniform reduction in the per¬ 
centage of the assimilated counts Avhich appeared as radioactiA’e CO: or 
lipid. From the data it may be inferred that an increased accumulation of 
such glycolytic intermediates as lactic acid must liaA’e occurred. The less 
pronounced effects of Orinase upon the absolute than upon the propor¬ 
tional production of radioactive CO: Avould also be consonant A\’ith a rela¬ 
tive preserA’ation of glycolytic patliAA’ays and a continued elaboration of 



1008 FREINKBL AND INGBAR VoltmeG^ 

CO 2 fi’om sources other than the iricarboxylic acid cycle, sucJi as, possibty 
the renal phosphogluconate oxidation pathway (16). These phenomena 
were not related to previous dietary intake since tissues from fasted as 
well as from fed donor animals rvere inhibited to a similar extent. Three 
separate lots of crystalline Orinase were employed for the m vitro observa¬ 
tions. It would thus seem unlikely that the results can be attributed to a 
contaminant which is not present in the commercial, and clinically ef¬ 
ficacious, preparations of the drug. 

The effects upon oxidative metabolism were closely linked to chemical 
structure, hludge has reported that the hydration and QO 2 of surviving- 
rabbit kidney cortex is unaffected by the substituted sulfonamides which 
inhibit carbonic anhydrase (11). In the present studies, p-carboxyphenyl- 
sulfonylurea, which differs from Orinase only by the substitution of a 
—COOH for the terminal —CI-I 3 group ( 1 , 2 ), was less than one-fifth as 
potent as Orinase in depressing oxygen consumption. Although the dif¬ 
ferences between Orinase and p-carboxyphenylsulfonylurea may have 
resulted from variation in cellular penetration or fixation, it is of interest 
that the latter compound does not produce hypoglycemia in man (17). 

Whether the abo^m obseianations bear anj-- relevance to the clinical ac¬ 
tion of Orinase I’cmains to l^e defined. Tliere is some precedent for the in¬ 
duction of hypoglycemia in vivo by a generalized depression of cellular 
respiration. Recently, Steiner and Williams have shown that the biguanide 
derivatives reduced blood sugar by an inhibition of electron transport at 
the cytochrome level (IS). However, the biguanide derivatives are effective 
in types of diabetes which do not usually respond to Orinase (19), (cf. 
pancreatectomized animals; "brittle juvenile luiman diabetes”) and, 
hence, it does not seem likely that the effects of Orinase are mediated in 
the same way. This does not preclude the possilrility that Orinase ma}'^ be 
selectivelj" concentrated in certain organs or subcellular sites and there 
induce a localized histotoxic anoxia. If such were the case, the effects of 
Orinase to a) release performed stores of insulin (20, 21, 22), or b) retard 
the degradation of insulin (23), or c) diminish hepatic production of glu¬ 
cose (24, 4, 5, 6 ) could be secondary to a localized change in respiratory 
metabolism. It is even conceivable that a localized "Pasteur effect” in¬ 
duced by Orinase could cause focal changes in glucose utilization. Alterna¬ 
tively, the present findings may constitute an isolated toxic phenomenon 
which is unrelated to the therapeutic action of Orinase. The available data 
do not justify’' attempts to differentiate between these possible interpreta¬ 
tions. It should be stressed that only one tissue from a single species was 
examined, and that the experimental concentrations of drug were five to 
ten times as great as those plasma levels which are therapeuticall}’’ effec¬ 
tive in vivo. Clearl}'’, at present, more than descriptive analysis is not 
warranted. 
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A MYOTROPHIC AGENT AND GONADOTROPHIN INHIB¬ 
ITOR, 19-NORTESTOSTERONE-17-BENZOATE 

LEONARD J. LERNER/ FRED J. HOLTHAUS, Jn. and 
CI-IARLES R. THOMPSON^ 

Scientific Division, The ll' 7 /i. .S. AferreU Co., Cincinnati, Ohio 

ABSTRAC'r 

19-Nortcstostorono-]7-l7cnzo:\tc, a now ester of 19-nortcstostcrone, has been 
compared witli testosterone ]iropionate for several biological activities. Tc.s- 
tosterono propionate and 19-nortesto.sterono-]7-bcnzoatc are myotrophic and 
suppress production or release of pituitary gonadotrophins. Unlike testosterone 
propionate, the 19-nortcstostcrone derivative elicits these responses in doses 
which do not stimulate growth of .seminal vesicles and ventral prostate in rats. 

The uterotrophic, anti-estrogenic and progestational potenciesof the 2 androgens 
are similar. 19-Nortestostcronc-17-bcnzoate is devoid of estrogenic ativity. A 6- 
week study in intact and castrate male and female rats demonstrate that the 
biologic ijropcrtics of 19-nortcstostcrone-17-bonzoatc arc typical of those of 
an androgen. This steroid was orally inactive at the dose tested, 

A NDROGENIC .steroids in the male, in addition to stimulating pri- 
mary and secondary sox organs, are protein anabolic (1) and inhibit 
production of pituitary gonadotrophins (2, 3). Eisenberg and Gordan (1) 
demonstrated that trophic activity of androgens on tlie levator ani muscle 
of rats is a measure of protein anabolism. 19-Nortestosterone and deriva¬ 
tives of 19-norlestostorone have been reported to differ from testosterone 
propionate by being inyotrophic in doses which produced no stimulation of 
the reproductive organs (-1-7). Tliere lias been little reported on the anti¬ 
gonadotrophin activit.y of ] 9-nortestosterone derivatives. 

In the present investigation, the biologic activities of 19-nortestosterone- 
17-benzoate,^ a now ester of 19-nortestosterone, have been compared to 
those of testosterone propionate. 

JIATERIAUS AND METHODS 

Compounds were administered in solution or suspension in olive oil. 

I\[yotrophic and androgenic assays. The method of Eisenberg and Gordan (1), as 
modified by Hershberger, Shipley, and iticyer (4), was employed. Weanling male rats 
weighing between 40 and 50 gm. were castrated and divided into dose groups of 5 or 10 
animals each. Starting on the day following castration, the compounds \\-crc adminis- 
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tered once a daj' for 7 da}'s. The animals were sacrificed bj' decapitation on the follow¬ 
ing day and seminal vesicles, ventral prostate and levator ani muscles removed and 
weighed. Fluid was expressed from the seminal vesicles prior to weighing. 

IMj’otrophic and androgenic activities of 19-nortestosterone-17-benzoate and tes¬ 
tosterone propionate were also determined in immature intact rats. The techniques 
cmploj'cd in the intact rats were identical to those described for the castrate rats. 

Utcrotrophic and anti-estrogenic activities. Utcrotrophic and anti-estrogenic activities 
were determined in 6-8 gm. immature female mice. l9-Xortestosterone-l7-benzoate or 
testosterone propionate was administered subcutaneously twice a day for 3 days to dose 
groups of 5 or 10 animals, either alone or in combination with 0.3 pg. of estradiol ben¬ 
zoate. The animals were sacrificed on the daj' following the last injection. The amounts 
of fluid in the uteri were estimated, the uteri removed, fluid expressed, and the uteri 
weighed. 

Estrogenic activity. The vaginal smear technique in castrate rats was employed. 
19-Nortcstosterone-17-benzoate was administered subcutaneous!}' in 2 doses S hours 
apart to dose groups of 10 rats each. Vaginal smears were obtained 56, 64, and 72 hours 
after the first dose. 

Aiiti-gonadotrophic activity. Gonadotrophin inhibition was measured by the para¬ 
biotic rat method of Byrnes and hleyer (S). Thirty-day-old female litter mate rats were 
joined in parabiosis and the right partner was ovariectomized. The compounds were 
administered once a day for 10 days to the castrated partner, beginning on the day of 
operation. The animals were sacrificed on the lltli day, the ovaries and uteri were re¬ 
moved and weighed. 

Anti-gonadotrophic activity was also measured in immature male rats. The com¬ 
pounds were administered subcutaneously once daily for 10 days. The animals were 
sacrificed on the day following the last injection and testes, seminal vesicles, ventral 
prostates and levator ani were removed and weighed. The fluid was expressed from the 
seminal vesicles before weighing. 

Progestational activity. Progestational activity was determined by the method of 
McPhail (9). Dose groups of 6 immature female rabbits each were administered 3 intra¬ 
muscular injections of 5 pg. estradiol on alternate days. They then received 5 daily intra¬ 
muscular injections of progesterone, testosterone propionate or 19-nortestosterone-17- 
benzoatc. The rabbits were sacrificed on the day following the last injection. The uteri 
were weighed, sectioned and graded for degree of progestational response. 

Subchro7nc study of I9-nortcstostcronc-17-benzoatc. Six groups of 10 male rats and 6 
groups of 10 female rats, weighing 125-150 gm. each were employed. Of these, three 
male groups and three female groups were castrated approximately 10 days before 
starting the experiment. 

Two groups of castrate and intact males and females were administered 19-nortestos- 
teronc-17-benzoate subcutaneously 5 days a week for 6 weeks, in daily doses of 3 mg. 
/Kg. and 15 ing./Kg. Similar groups served as controls and were administered olive oil 
subcutaneously. 

RESULTS 

Myoirophic and androgenic activities. Alj^otrophic and androgenic ac¬ 
tivities of 19-nortestosterone-17-benzoate and testosterone propionate in 
castrate and in intact rats are summarized in Figure 1. The levator ani of 
intact and castrate rats increased in weight with smaller doses of 19-nor- 
tcstosterone-l7-benzoate than did either ventral prostate or seminal 
vesicles. The smallest dose of testosterone propionate required to produce 
an increase in levator ani weight also produced an increase in weight of 
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•’VSEMINAL VESICLES 



0.1 0-3 1.0 3.0 10 30 100 300 1000 


”°rVENTRAL PROSTATE 



01 0 3 10 3.0 10 30 100 300 1000 


^"rLEVATOR AN! 



0.1 Oi 1.0 3.0 10 30 100 300 1000 

TOTAL DOSE MCi/KG. 

Fig. 1. ]M,votrophic and androgenic activitj' of 19-nortestostorone-l/-benzoate 
and testosterone propionate in castrate and intact rats. 

ventral prostate and seminal vesicles of intact rats and ventral prostate of 
castrate rats. 

The dose of 19-nortestosterone-17-benzoate required to increase levatoi 
ani weight by 50% for castrate and intact animals is respectively 2 and 3 
times that for testosterone propionate. The dose required to increase by 
50% the weights of the seminal vesicles and ventral prostate for 19- 
nortestostcrone-17-benzoate was much larger than that of testosterone 
propionate. The values ranged from 18 to 42 times that for testosterone 
propionate (Table 1). Oral doses of 50 mg/Kg. were ineffective in produc¬ 
ing weight changes in levator ani and accessory sex organs. 
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Table 1. MyoTnoi’iiic and androgexic doses (jig./kg.) ix castr.\te axd ixtact jiale 
R.ATS rnODUCIXG 50% IXCRE.ASE IX ORGAX WEIGHT 


Compound 

Seminal vesicles 

Ventral prostate 

Levator ani 

Castrate Intact 

Castrate 

Intact 

Castrate Intact 

lO-nortestosterone-l 7-benzoate 
Testosterone Propionate 

13 40 

0.7 1.4 

4 

0.12 

270 

C.4 

2.0 S.l 

1.2 2.S 


UieroiropMc and anti-estrogenic activities. Testosterone propionate and 
19-nortestosterone-17-lDenzoate had similar uterotrophic and estrogenic 
antagonism potencies in the immature mouse (Fig. 2). 

Estrogenic activity. 19-Nortestosterone-17-benzoate was not estrogenic in 
doses ranging from 0.01 mg. to 5 mg. 

Anti-gonadotrophic activity. The minimal dose for pituitaiy gonado¬ 
trophin suppression in the parabiotic rats was <0.01 mg. for testosterone 
propionate and was <0.1 mg. for 19-nortestosterone-17-benzoate (Table 
2 ). 


UTEROTROPHIC ACTIVITY 



TOTAL DOSE IN MG. 


Fig. 2. Uterotrophic .nul anti-cstrogcnic .activities of 19-nortcstosteronc-17- 
bciizoate and testosterone propionate in immature mice. 
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Table 2. GoNADOTROI’IIIN inhibition activity or 19-NOIlTESTOSTEnONI>17-BENZOATE AND 
TESTOSTERONE I’ROriONATB IN PARABIOTIC FEMALE RATS 


Treatment 

Daily close, 
mg. 

Castrate 
uterus, mg. 

Intaet 
uterus, mg. 

Intact 
ovaric.s, mg. 

Control 


20 

147 1 

125 

Testosterone Propionate 

1.0 

154 

44 ' 

10 

Testosterone Propionate 

0.1 

37 

29 

20 

Testosterone Propionate 

0.01 

32 

93 

43 

Testosterone Propionate 

0.001 

02 

210 

143 

19-nortcstostcronc-17-bcnzoate 

1.0 

150 

35 

16 

19-nortcstosteronc-17-l)eni!oate 

0.1 

31 

41 

21 

19-nortcstosteronc-17-I)enzoti(c 

0.01 

49 

107 

119 


In mature male rats, 19-nortestosterone-17-benzoate rvas gonadotrophic 
inhilritory and myotrophic in doses wliich were not androgenic (Talile 3). 
Testis weights of animals administered 0.5 mg./Kg. and 2.5 mg./Kg. were 
lower and levator ani weights were greater than those of controls. The 
seminal vesicles and ventral prostates weighed about the same or less than 
those of controls. Testosterone propionate in dailj" doses of 0.25 mg./Kg. 
and 1.25 mg./Kg. had effects on testes and levator ani similar to that of 
19--nortestosterone-17-benzoate. It was more androgenic, however, since 
it inci'Qased tlie u^eighls of r'cntral prostate and seminal vesicles. 

Progestational activity. 19-Nortcstosterone-17-benzoate and testosterone 
propionate had similar progestational activity (Table 4). The progesta¬ 
tional potency of these steroids was much lower than that of progesterone. 

Suhehronic study of 19-nortcstostcronc~17-henzoaie. Food consumption of 
intact female rats administered 19-norlestosterone-17-benzoate in doses 
of 3 mg./Kg. per day and 15 mg./Kg. per day and castrate female rats ad¬ 
ministered 3 mg./Kg. per day was greater than that of controls or the other 
experimental female group and they gained more weight. Food consump¬ 
tion and body weight changes for intact and castrate male rats adminis¬ 
tered the steroid were similar to that for controls. Hematologic values 
were similar for experimental and control groups. Organ weights (Tables 


Table Ei tects or 19 -N 0 RTEST 0 STnR 0 Nn- 17 -nENZ 0 ATE and testosterone propionate 
IV intact .male rat.s after 10 daily .subcutaneous injectio.vs 



Dmiy 

1 do^o. 
ihs./Kk. 

Body 

Daily 1 
food 
intaKr, 
cm./rat | 

j Orpan rveipht, inp. 

Treatment i 

\vl, 
«nin, 
Kin. 1 

Pilnitnry 

Seminal 

vesicles 

Ventral 

prostate 

Levator 

ani 

Testes 

Control (01i\c oil) 

i 

4G 

10.1 

4.1±0..-{* 

10.212.1 

45.71 5.8 

30.513.5 

15401 8> 

19-nortcsto''toronc- 
17-bcnzoatc 1 

25 1 

50 

11.2 

4.2 + 0.3 

15.010.3 

27.71 3.6 

OS.017.0 

7151107 

19-nortcstostcron(*- 

IT'benzoato 

1 

0.5 

48 j 

10.4 

3.8 + 0.1 

11.211.3 

30.01 1.3 

40.511.4 

8801 SS 

Testosterone pro¬ 
pionate 

1.25 

1 

50 

11.0 

4.4 + 0.1 

130.2 + 0.4 

151.1112.5 

73.012.9 

7211 53 

Testosterone pro¬ 
pionate ^ 

1 

1 0.25 

48 

10.6 

5.0±0.4 

32.312.1 

57.3 + 10.5 

41.011.7 

9821 SS 


* standard error of the mean. 
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5 and 6) demonstrate that 19-nortestosterone-17-benzoate prevented 
castration hj^pertrophj" of the pituitary and did not significantly alter 
thyroid or liver -weight. The adrenal weight in intact and castrate females 
and castrate males and the th 3 mius weight of all rats administered 19- 


Table 4, Pkogestatioxal activity of IO-.vokte.stosteroxe-IT-bf.n'zoate and testos¬ 
terone PROPIONATE IN THE IMMATURE FEMAI.E RABBIT 


Treatment* 

Total dose, 
nig. 

Uterine \vt., 
gm. 

Uterine 
histology t 

Estrogen Primed control 

— 

1.14 

GL 

Progesterone 

0.75 

2 35 

GTI 

Testosterone Propionate 

27.0 

2.59 

GM 

Testosterone Propionate 

9.0 

1 GO 

oM, IL 

Testosterone Propionate 

3.0 

1 25 

6U 

Testosterone Propionate 

1.0 

1.06 

5L 

19-nortestostcrone-17-benzoate 

27.0 

2.42 

G.M 

19-nortestosterone-l 7-benzoate 

9.0 

2.4G 

2M, 4L 

19-nortestosterone-17-bcnzoatc 

3.0 

1.40 

GL 

19-nortestosterone-l 7-bcnzoate 

1.0 

1.19 

GL 


* All animals were pretreated with 15 /ig. estradiol monobenzoate, 
t Number preceding letter indicates number of animals. 

H = Typical progestational uterus. 

M = ^ioderatc glandular proliferation. 

L = Typical estrogenized uterus; flattened glands and slight invagination. 


Table 5. Body and organ weights of male rats administered 
19-NORTESTOSTERONE-17-BENZOATE FOR G WEEKS 



Intact males 

Castrate males 

Daily Doso, mR./KR. 


15 



3 

— 



15 



3 



— 



Body wX. 


















Initial, gm. 


130 



130 

I2S 



126 



119 



129 



Tinal, cm. 


244 



2S4 

271 



231 



248 



25,3 



Pituitary, mg. 

7 

5± 0 

4* 

8 

5± 0 9 

7 4± 0 

4 

1 7 

4± 0 

5 

8 

G+ 0 

7 

12 

0± 

0 

4 

Thyroid, mg. 

13 

0+ 0 S 

11 

2+11 

11 3± 0 

7 

1 11 

0± 0 

7 

11 

4i 1 

1 

10 8± 

1 

0 

Adrenals, mg. 

34 

3± 2 

3 

34 

0± 2 4 

32 2± 2 

1 

1 31 

4± 1 

o 

29 

8+ 1 

6 

44 

3 + 

2 

8 

Thymus, ing. 

140 

0±11 

0 

234 

0 + 27 0 

384 0±22 

0 

145 

0±43 

5 

pOQ 

0 + 21 

0 

513 

0 + : 

>7 

0 

Heart, mg. 

S-SS 

0 + 29 

0 

879 

0 + 22 0 

861 0±32 

0 

821 

0 + 22 

0 

825 

0 + 26 

0 

801 

() + : 

’6 

0 

Li\cr, gm 

8 

5± 0 

3 

10 

G± 0 6 

10 1± 0 

4 

7 

7+ 0 

8 

8 

4+ 0 

3 

9 

5 + 

0 

.5 

Ktdne>*^, gm. 

2 

2+ 0 

J 

o 

1± 0 1 

1 8± 0 

1 

2 

0+ 0 

1 

1 

9i 0 

1 

1 

7 + 

0 

1 

Te'itcs, gm. 

o 

7± 0 

J 

1 

7+0 1 

2 7+0 

1 











Seminal Vesicles, mg. 

365 0±17 

.0 

8S 

0± 8 0 

228 0±30 

0 

341 

0+18 

0 

89 

0+ 8 

0 

15 

0 + 

1 

0 

Ventral Prostate, mg. 

386 

0 + 19 

0 

70 

0±23 0 

290 0 + 40 

0 

392 

0 + 29 

0 

44 

0± 5 

0 

11 

0± 

1 

.0 

Lc\ ator Am, mg. 

1 27S.0±15 

0 

270 

0±10 0 

187 0±1C 

0 

220 

0+12 

0 

220 

0±13 

0 

46 

0 + 

4 

0 


• St'indard error of the mean. 


Table C. Body and organ weights of female rats administered 

lO-NORTESTOSTERONE-17-nCNZOATE FOR G MEEKS 







Intact IcmaJes 





1 



Castrate females 





Daily Dose, mg./Kg. 


15 




3 



— 



i 

15 




3 




— 



Hodv wt. 
























Initial, gm. 


121 




121 



115 




121 




132 




131 



1 mal, gm. 


231 




234 



187 




229 




258 




231 



Pituilarv, nig. 

S 

o± 

0 

5* 

S. 

,2 + 

0 5 

0 

S-^ 

0 

C 

0 

4 4- 

0 

3 

0, 

.4i 

0 

4 

13 

5 4- 

0 

6 

3 hN roid, mg. 

14 


0 

8 

14 

8± 

0 9 

13 

<> 4- 

0 

f) 

i 

84- 

1 

0 

15 

3± 

0 

.5 

14 

94 - 

0 

5 

AdronaK, mg. 

34. 

5± 

1 

6 

34 

.6± 

1 5 

50 

6-^ 

4 

0 ' 

35 

O 4. 

1 

6 

29 


1 , 

.3 

50 

4 4- 

3 

G 

3 h\ inus, nig. 

89 

3 + 

G 

1 

228 

0 + 26.0 

30S 

(14- 

24 

0 

129 

0 + 

14 

.0 

2.33 

.Oi 

16 

0 

504 

0+ : 

38 

0 

Heart, mg. 

769, 

.o± 

31 

0 

7SS 

0±2S 0 

659 

o± 

23 

0 

840 

0 + : 

24 

0 

844 

o±: 

29 

.0 

735 

04- , 

24 

0 

l.ner, gm. 

7 

4± 

0 

4 

S 

.74- 

0 4 

6 

9* 

0 

2 1 

S 

o -i. 

0 

4 

9, 

0 4- 

0 

0 



0 

{ 

Kidnej s, pni. 

1 

at 

0 

.1 

1 

.S-*- 

O.l 

1 

4-*^ 

0 

1 1 

1 

94 - 

Q 

.1 

1 

9 + 

0 


1 


0 

1 

0\anes, mg. 

IS 

7 4- 

1 

1 

25 

8 + 

2,7 

56 

s± 

3 

0 











litcrus, mg. 

691 

0± 1 

24 

0 

454 

,o±: 

20 

2SS 

o± 

25 

0 

326 

0 

If 

21 

.0 

312 

.o± 

12 

0 

45 

o± 

3 

0 


* SUindArd error of tlio nroan. 
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nortestosterone-17-benzoate were lower than those of the control rats. 
Treatment with this steroid resulted in larger kidney weights in all animals 
and in increased heart weights in all females. Ovarian weights were lower 
and uterine weights were higher than tho.se of the control animals. Testes, 
seminal vesicles, and ventral prostate weights were reduced with the lower 
dose of the drug only. 

DISCUSSION 

Biological studies indicate that 19-novtestosterone-l 7-benzoate pos¬ 
sesses all the activities of an androgen although end organ dose response 
relationships do not alwa 3 ^s follow those for testosterone propionate. The 
minimum dose of testosterone propionate for effecting an increase in 
levator ani weight in the rat also increases the seminal vesicles and ventral 
prostate weights. In contrast, the minimum dose of 19-nortestosterone- 
17-benzoate for increasing the weight of levator ani muscle does not increas-"' 
accessory sex organ weights. This steroid, therefore, is similar to other 19- 
nortestosterone derivatives in that it produces a m 3 mtrophic effect at 
doses which do not increase accessoiy sex organ weights. 

Production or release of pituitary gonadotrophins are inhibited in the 
male rate with doses of 19-nortestosterone-17-benzoate which do not stimu¬ 
late either the ventral prostate or the seminal ve.sicles. Non-uterotrophic 
levels of this steroid almost completel.y .suppress secretion of pituitary 
gonadotrophins in parabiotic female rats. These studies suggest that the 
pituitary is veiy sensitive to this compound. The anti-gonadotrophic ac¬ 
tion of 19-nortestosierone-17-benzoate can be assumed to be a propert}" of 
its androgenicit}' since this steroid was not estrogenic in the castrate female 
rat. 
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ABSTRACT 

Goldfish (Carassiiis aiiratiis, var. japonicus, subvar. bicaudatus) respond to 
the administration of thyrotrophic hormone with exophthalmos. Ej’e protru¬ 
sion increases with simultaneous injections of corticotrophin. Retrobulbar in¬ 
jections of normal saline, human serum or pituitary hormones produce a tran¬ 
sient exophthalmos, which is much more persistent when thyrotrophin is in¬ 
jected. Previous treatment of fishes with long-acting corticotrophin prolonged 
the duration of the exophthalmos caused by retrobulbar injections of thyrotro¬ 
phin; this effect is not observed when other fluids are injected. 

S OME fish respond with an increase in the protrusion of the ocular 
globes as a result of different hormonal stimuli. Albert (2) produced 
exophthalmos in Funduhis heierocUitis bj’’ means of intracelomic injections 
of anterior pituitary extracts. Dobjms and Steelman (6) showed the 
possibility of obtaining the same effect b}’' injecting preparations of pitui- 
taiy glands free from thyrotrophic activity. Pickford (10), on the con- 
traiy, observed that there is a strict relation between the e.xophthalmos- 
producing and thyroid-stimulating effects of tlij’-rotrophic preparations. 
Exophthalmos was also observed in common minnows in response to treat¬ 
ment with triiodothyronine and desiccated thyroid (S). On the other 
hand, Matty and co-workers (9) succeeded in producing exophthalmos by 
injecting androgens in two species of teleost fish {Sparisoma sqtial‘idu7n 
and Scants croicensis) and bj’’ the injection of th 3 n'Oxine and triiodotly- 
ronine in these species and in Bathystoma auroUncattm. 

In Spain it is impossible to obtain Fnnduhts hctcrocUtus or anj^ of the 
species of fisli with which the authors mentioned above have worked. In 
a series of previous tests we investigated the possible exophtlialmic action 
of anterior pituitaiy extracts in the following fish: Barbus fluvialilis, 
Cyprimts carpio, Leuciscus eri(hrophi}.almus,Fundidus hispanicus, Carasstus 
attralus, Perea fluvialih's, Tinea tinea, Gobiiis fossilis, Gobius fluvialilis and 
Avicturus ncbulosus. All these, except the last, under diverse experimental 
conditions can develop exophtlialmos following injections of tlyrotrophin. 
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Nevertheless we were onlj^ able to obtain Carassius auraius var. japoniciis 
in unlimited quantities and we used this species for almost all our investi¬ 
gations. Between the diverse types of goldfish, the Carassius auraius var, 
japonicus subvar. hicaudatus show a greater sensitivity and uniformity of 
response. This subvariety has a more globular body and a flatter head. 
Carassius macrophihalmus has been derived from this fish b}^ selection; in 
this species protrusion of the ocular globes, wliich is sometimes enormous, 
is an inherited characteristic (Fig. 1). 

We have presented numerous clinical and experimental arguments in 
previous papers (4, 5) supporting the view that the exophthalmos of 





Fig. 1. Telcscopic-cyccl goldfisli {Carnssiiis macrophihalmus) with genetic consti¬ 
tutional cxoplitlialinos ami a common goldfish (Carassius aura(us). 

Graves’ disease and other related forms of ophthalmopath}" (oedematous 
exophthalmos, malignant exophthalmos, infiltrative ophthalmopathy, 
exophthalmic ophthalmoplegia, etc.) are secondary to a hyperfunction of 
the anterior pituitaiy. According to Aterman (3) tlie adrenal cortex also 
participates in the pathogenesis of these conditions. Experimenting with 
golden hamsters we have confirmed that the presence of adrenal glands is 
indispensable in the production of exophthalmos by injection of thyro- 
trophin and that previous treatment with corticotrophin or adrenal 
steroids reinforces the exophthalmic action of the th 3 n’otrophic hor¬ 
mone (5). 

The series of experiments that folloAvs was planned to studj'’ the effect of 
corticotrophin on the exophthalmos produced in Carassitis auraius var. 
japonicus, subvar. hicaudaius by intracoelomic injections of thyrotrophin 
and its influence on ocular protrusion following the injection of thju’o- 
trophin directl}^ into the retrobulbar tissues. 
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METHODS 

Groups of ten Carassius, about two years old (9-10 cm. long) were injected intra- 
coelomically at intervals of eight hours with tliyrotrophic extract, the doses varying from 
0.25 to 25.00 Heyl-Laqueur units. Other similar groups were injected with corticotro- 
phin, chorionic gonadotrophin, growth hormone, human serum and normal saline solu¬ 
tion. The treatment was continued for 5 consecutive days, during which the appearance 
of the fish was recorded and the protrusion of ocular globes measured with a caliper 
with vernier scale. 

Other groups of goldfish were treated with the same doses of thyrotrophin but add¬ 
ing to each injection two international units of corticotrophin. Control groups were simi¬ 
larly treated with corticotrophin and chorionic gonadotrophin, growth hormone extract, 
human serum and normal saline solution. 

In another experiment the exophthalmic effects of the retrobulbar injections of thy¬ 
rotrophin were studied. The material was injected only once through the conjunctival 
sac of both eyes with an insulin syringe and a needle of small caliber. The dose was 
0.05 cc. (5 Ti. Hcyl-Laqucur). Control fish were injected with the same volume of 
corticotrophin, chorionic gonadotrophin, growth hormone and normal saline solution. 
The resulting ocular protrusion was measured immediately after the injections and at 
regular intervals of 8 hours. 

Other fish were previously treated intracoelomically with a dose of 5 i.u. of corti- 
cotrophin-zinc following which exophthalmos was brought about in the same manner as 
in the preceding experiment. 


RESULTS 

The iiitracoelomic injections of thyrotrophin at doses of 10 u. Heyl- 
Laqueur (total quantitjnnjected 150 u.) produced a variable exophthalmic 
effect. Onl}' in two of ten injected fish was a small augmentation of the 
ocular protrusion and the intercorneal distance observed (1.5 mm. and 
l.S mm. respective!}')' Administring 25 u. by injection (total dose 375 u.), 
exophthalmos was observed in seven fisli, in four of which it was per¬ 
fectly evident on simple inspection and without the necessity of measuring 
intercorneal distance (Fig. 2). The increase in tlie intercorneal distance 
was 3.S mm. ( + 1.15 mm.). Doses greater than 25 u. were poorly tolerated 
and doses of less than 10 u. liad no effect. Exophthalmos was not observed 
in any of the fish in the control groups injected with corticotrophin, 
grovth hormone, chorionic gonadotrophin, human serum or normal saline 
solution. 

In the animals showing positive results, the exophthalmos began to ap¬ 
pear on the third day of the experiment, became more evident in the two 
following days and disappeared completely at the end of two or three days 
after ceasing the injections of thyrotrophin. 

We observed that the injection of corticotrophin reinforced the ex¬ 
ophthalmic effect of thyrotrophin without increasing the intensity of the 
maximum result. Injections of 10 u. of thyrotrophin, with a very small 
exophthalmic effect (see above), produced exophthalmos in six fish with 
increase of the intercorneal distance of 2.9 mm. (±0.G mm.) when it was 



1020 CANADELL AND BARRAQUER Volume 6/^ 

injected with corticotrophin. Injections of 25 u. of thyrotrophin caused 
exophthalmos in nine fish. The evolution of exophtlialmos followed the 
same course as in tlie animals injected only with th 3 a’otrophin without 
complementai'}'- treatment witli corticotrophin. Control groups injected 
with thyrotrophin and chorionic gonadotrophin, growth hormone, human 
serum or normal saline solution developed exophthalmos to the same de¬ 
gree as the fish treated with thyrotrophic hormone alone. These materials 
are devoid of the enhancing effect of corticotrophin. 

The retrobulbar injections of a small quantitj" of normal saline pro¬ 
duced a transitoiy increase of ocular proti-usion. An augmentation of 



Fig. 2. Exoptiialmos produced with systemic treatment with thyro¬ 
trophin. At right control fish. 

5 mm. or more in the intercorneal distance could thus be obtained with¬ 
out ill effects. This exophthalmos persisted for some four hours, then 
diminished progressive!}' and disappeared in the course of the following 
eight hours. Injection of gonadotrophic hormone, growth hormone or 
human serum produced the same phenomenon, but, possibl}’" because of 
the protein composition of these fluids, the exophtlialmos persisted for 
about 24 hours. On the contrary, the exoplithalmos produced by injec¬ 
tion of tlij'rotrophin was alwa3’S more persistent, and after 24 hours the 
increase of the intercoimeal distance was still 80% (+6%) of the initial 
value and after 48 hours it was 12% (±7%). 

In the fish treated previousl}’’ with corticotrophin-zinc we observed that 
the increase of the ocular protrusion produced b}^ th 3 U’otrophm was much 
more persistent. After 24 hours the increase in the intercorneal distance 
still equaled 82% (±3%) of the initial value, after 48 hours it was 58% 
(±5%) and after 72 hours it was 22% (±10.5%) (Fig. 3). 
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Fig. 3. Ocular protrusion provoked b}’ retrobulbar injections of tbr 3 -otropliin 24 
hours before. The first fish on the left was previous!}’ treated with long acting corticotro- 
phin; the middle fish did not receive corticotrophin; on the right is the control fish in 
which exophthalmos was produced by injecting human scrum. X^ote the persistence of 
ocular protrusion in both fish treated with thyrotrophic hormone and the larger 
exophthalmos in the fish that received corticotrophin. 


DISCUSSION 

The difficulties in producing exophthalmos in some fi.sh by injection of 
anterior pituitary extracts or near pure thyrotrophic preparations suggests 
the existence of an exophthalmic factor distinct from the thj’rotrophic 
hormone (1, 6, 7). Nevertheless, even though it maj" be unjustified to apply 
the results of our experiments directlj’’ as a basic explanation of tlie 
pathogenesis of the exophthalmos of Graves’ disease, thej" confirm our 
hj'^pothesis (5) that this phenomenon probablj’ develops as a result of a 
combination of several endocrine factors. The action of thju’otrophic 
liormone is the essential causative factor; the corticotrophin and the ac¬ 
tivity of the adrenal cortex have a potentiating effect, possibly b}’ increas¬ 
ing the sensitivit}’’ of the retrobulbar tissues to the exophthalmogenic ac¬ 
tion of thjTotrophin. The experiments of Langford (8) and of Mattj' ct ah 
(9) in which the}' showed the possibilit}' of producing exophtlialmos in 
fish by thyroid hormones seem to oppose the th 5 'rotrophic hypothesis, 
since the administration of thyroxine produces an inhibiting effect on the 
pituitary secretion of thyrotrophin. However, in previous experiments 
(5) we observed that large doses of thj’roid hormone increase the thyro¬ 
trophic e.xophthalmos, whilst weak doses of the same are capable of re¬ 
ducing it. These results—apparently paradoxical—could be explained by 
the toxic action of the tlm-oxine, which is capable of stimulating the an¬ 
terior pituitary-adrenal system (11), increa.'^es the corticotrophic and 
corticoid secretion, and indirectly creates experimental conditions an¬ 
alogous to those obtained by injecting thyrotrophin and corticotrophin. 
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We are indebted to the representative in Spain of tlic N. V. Organon Laboratories 
(Oss, Holland) for their generous sui)pl 3 ' of the thj'rotrophin, eorticotrophin and gonado¬ 
trophic preparations used in these experiments; to Dr. S. Pagds-Marunj' for providing 
us with growth hormone and thj'rotrophic hormone; to Dr. Herndn AIfnguez, of Va¬ 
lencia (Spain), who sent us a large quantitj' of different siJccics of fish from Lake La 
Albufera (Valencia); to Senor A. .Touch, Director of the Zoo and Aquarium of Barcelona 
for allowing us to use a large number of fish from said acpiarium. 
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ABSTRACT 

Growth promoting potencj' of rat blood plasma, as evaluated bi’ the tibial 
assay, decreased after tlyroidectomj', and increased during normal pregnancy. 
Thyroidectomj’ did not interfere with the incrc-ased level during pregnancy. 
H 3 -pophysectomy of the pregnant rat did not reduce the growth promoting 
activity of plasma to the e.xtcnt which it did in non-pregnant rats. 

Thj’rotrophic activity (assayed bj' I*’* uptake and thyroid morphology of 
hj'pophj'sectomized recipients) was demonstrable in plasma from both pregnant 
and non-pregnant th 3 ’roidcctomized rats. Similar volumes of plasma from 
intact pregnant or non-pregnant rats elicited no response in tlie tluToids of re¬ 
cipients. Adrcnocorticotrophic activity was not detected at the doses injected 
(by weight and morphology of the adrenals of recipients) in plasma from any 
type of donor (normal, th 3 -roidectomized, h 3 'poph 3 ’sectomized rats, pregnant or 
non-pregnant). Gonadotrophic activity was not detected in plasma of aiu’ t 3 'po 
of donor, as judged by ovarian morpholog 3 ' of recipient hypoplivsectomized 
rats. However, judged by the follicular development in the donors, follicle-stim¬ 
ulating substances are present in plasma late in pregnanc 3 ’ both in normal- 
pregnant and tliyroidectomized-pregnant donors, but not in hypopln’secto- 
mized-pregnant donors. Lutcotrophic substances were present both in h 3 ’po- 
phvsectomized-prcgnant and th 3 'roidectomized-pregnant rats, as judged b 3 - 
maintenance of the corpora lutea in those donors. 

G ROWTH-PROMOTING activity has been reported in retroplacental 
■ blood plasma of women (1, 2) and more recently' in blood plasma of 
pregnant rats (3, 4). As both Ity-pophysectomy and thjToidectomy in the 
rat interfere with bodj' growth, and as thyroidectoni}' has been found to 
decrease the growth-promoting activity both in the pituitaiy and in blood 
plasma (5, 6), any attempt to characterize the growth-promoting capacitj’ 
of the plasma of pregnant animals, and trace the origin of this activity, 
would naturally’ be directed first toward the roles of the pituitaiy and the 
th.vroid. It was the purpose of this study to determine the effect of hypo- 
ph.vsectoiity and of tlyroidectomy on the growth-promoting potency of 
plasma in pregnant rats. 

METHODS 

Preparation of donors of plasma. Rafs maintaiued on an .idcquate diet- were bred 
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when 90-120 days of age.^ In order to determine tlic role of the thyroid, rats were 
thyroidectomized on day 1, G or 14 of pregnancy.-' The Idood plasma of normal-pregnant 
and of thyroidectomized-pregnant rats was l)ioassa 3 Td at intervals during pregnancy 
for growth-promoting activity. Other pitnitarj'-like potencies of the plasma were deter¬ 
mined simiiltaneonlsy. In order to determine the contribution of the pituitary to the 
growth-promoting activity of plasma, rats were hypophysectomized on day 12 of preg¬ 
nancy and the plasma was bioassayed 4 or 8 days later. Plasma from non-pregnant nor¬ 
mal and thyroidectomized rats of the same age and postoperative period was assayed 
simultaneously. The blood for bioassaj' was collected from the aorta and immediately 
centrifuged for 12 minutes, at 2000 rpm, under cover of mineral oil. The plasma was 
then aspirated into a syringe for injection. The time between withdrawal and injection 
was less than 30 minutes. 

All donors were injected with 0..5 gc. of I"” IG-IS hours before autopsy. The thy¬ 
roids from normal and hypophysectomized donors, and all tissues from the ventral neck- 
region of thyroidectomized rats, were placed in Bouin's fixative to be counted in the 
scintillation counter (7). An P'" uptake in thyroidectomized rats greater than 0.05% 
of the injected dose, or 0.2% of the normal uptake, was considered evidence of incom¬ 
plete removal of the thyroid, and the plasma from such animals was not used for bio¬ 
assay. All pituitary target organs from donors were weighed and prepared for histo¬ 
logical analysis of the endocrine status. Completeness of hypophysectomy was judged 
by examination of the pituitary site, by the weight of the pituitary target organs and 
by the I'^' uptake of the thyroid. Only completely hypophysectomized rats were used 
as donors. Subsequently the completeness of the hypophysectomy was verified by histo¬ 
logical analysis of the target organs. 

Prcparnlion of rccipicnls. The animaks used for assay of plasma were immature fe¬ 
male rats of the Long-Evans strain, h.vpophysectomized at 2G-2S days of ago. They 
were injected when 2 weeks iiost-operative unless otherwise specified. Groups of these 
rats were injected with idasma from normal, thyroidectomized, pregnant, thyroidecto¬ 
mized-pregnant or hyiiophysectomized-prcgnant rats. The doses of plasma varied from 
1 to 5 cc. and were injected daily intrapcritoneally for 4, 14 or 15 daA’s. At least 4 rats 
were used in the assaj- of each dose of plasma, and each dose level was reassa.ved one or 
more times. Half of the controls were injected with comparable volumes of saline, but as 
no dilTerencc was observed between these and uninjcctcd controls the values have been 
presented together. Body weight changes during the injection period were recorded in all 
recipients. Body growth was also evaluated in the rats injected for the longer periods 
from measurements of tail length at the beginning and the end of the experimental 
period. .4t autopsv the tibias were dissected, split and stained with silver nitrate, and 
the width of the uncalcified portion of the proximal epiphyseal cartilage was measured as 
evidence of growth stimulation (S, 9). The hypophysectomized recipients were injected 


modified ^IcCollum Diet I, the diet used in the breeding colonjq which consists of 
ground whole wheat G7.5%, casein 15%, skim milk powder 7.5%, sodium chloride 0.75%, 
calcium carbonate 1.5%, melted fat G.75%, fish oil (Vit. A and D concentrate), 1% 
KI solution added to provide 1 pg. of I per gram of Diet. The hj-popliA^sectomized 
recipients were given dailj' a wet mash of the diet in addition to the drj^ diet. All rats 
received a supplement of lettuce 3 times wcckl.v. The colon.v was maintained at 74 +1 F. 

" Female rats of the Long-Evans strain, at the proestrous stage, were caged indi- 
viduallj' overnight with males. The next morning the vaginal contents were checked and 
if plug and sperm were present this daj' was considered daj" 0 of pregnancj'. 

Thj'roidectomj' was performed surgicalb^ the paratliAU-oids being removed simul¬ 
taneously. Hj^pophj'scctom}' was performed bj"- the usual parapharjmgeal approach. 
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Table 1. Endocri.ve status of doxors of plasma 



1 

1 

1 

No. of ratsj 

Day of pregnancy 

Period 1 

0\*aries 

weight, 

Adrenals 

weight. 

Thyroid’^ 
I*** uptake 


Operation Autopsy, 

P.O. 


1 

! 

1 nig. 

nig. 

9c 


Non-pregnant 

35 

— — 

— 

i 64 

60 

14.7 

Normal 



— 12 

_ 


64 




— 13 

— 


5G ' 




— 20 

— 


64 1 


Hypophysectomized 

Non-pregnant 


— — 

1 S 

31 

26 

1 0.78 


12 

12 20 

s 


34 j 

1.35 

Pregnant 

72 


1 

1 

_ _ 

6 

72 


o.oos 



12 

— — 

13 

57 , 

46 

0.026 



10 j 

— — 

14 

56 i 

45 

0.015 



22 ! 

1 

20 

43 ! 

3S 

0.012 

Thyroidcctomized 


9 1 
14 

6 12 

1 13 

6 

12 

61 

61 

61 

46 

0-005 

0.026 


Pregnant 

11 1 

6 20 

14 

89 

65 

0.010 

i 

15 1 

14 20 

6 

so 

52 

0.013 

i 


8 

1 20 

19 

sr 

I 4- 

0.025 


* The values for uptake were determined on the same day and are therefore not attributable to differences in 
dietary iodine intake. 


with 0.5 nc. of P^' sixteen hours before autops 3 '. Their th^Toids were fixed and counted 
in a scintillation counter, and later were sectioned and stained with hematoxylin and 
eosin. The thj-mus was dissected and weighed. The completeness of hj-pophj-sectom.y of 
the recipients was judged b}' the same criteria as those used for donors. 

RESULTS 

The endocrine status of the donors of plasma is indicated by the data 
in Fig. 1 and Table 1. The normal-pregnant rats increased in bodj" weight 
98 gm. by day 20 of pregnancy (Fig. 1). The hypophysectomized-pregnant 
rats increased in weight b}" approximately the same amount by daj' 20 
(94 gm.). Thyroidectomized-pregnant rats gained somewhat less by this 


Fig. 1. Graph showing bod 3 ’ weight gain 
of rats in the following categories: normal- 
pregnant (XP) tln-roidcctomizcd-pregnant 
(TP) with operation performed on different 
da 3 ’s of pregnanc 3 -, indicated b 3 ' the 
arrows and the figures in parentheses, and 
h 3 'poph 3 'seetomizcd-pregnant (HP), opera¬ 
tion da 3 - 12 of pregnanc 3 ', as compared 
with appropriate non-pregnant controls: 
normal (N), th 3 Toidcctomized (T) or 
h3-pnph3-seetomizod (H); during preg- 
nanc 3 ' or a eomjiarablc 20 da 3 ' period. 
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Table 2. Influence of thyroidectomy on the growth promoting activity of 

THE PLASMA OF PREGNANT RATS 


Donors of plnsiiia 


irypophyscctorriizod recipipnis—14 days post-operative 


Typo 

Day of 
prop- 
nancy 

Days 

I’.O. 

No. 

of 

ratfl 

Daily 

dose, 

4 days 

Epipliyseal 

cnrtiliiRc 

widtii 

Body 

wolpht 

increase 

Thyroic 

Uptake 

llis- 

tolopy 






cc. 

inicra* 

Kin. 

% 




— 

— 

15 

3.0 

201 ± 2 

2.2±0.4 

0.45± .08 

. 


Non-prCRiinnt 


— 

8 


202 ± 6 

2.3±0.3 

0.03+ .09 

__ 




— 

4 

m 

211 ±5 

2.8±0.8 

0.G5± .10 

— 

Normal 


12 

— 

5 

5.1 

233 ±4 

7.0±0.7 

0.50± .18 




1.3 

— 

8 

.3.6 

22!) ±4 

6.0±0.4 

0.G0± .12 

. 


Pregnant 

20 

— 

8 

.3.0 

2.30 ±4 

.3.0±0.5 

0.52+ .15 

— 



20 

— 

4 

.3.7 

230 ± 3 

2.0±0.0 

0.72+ .24 

_ 



20 

— 

.3 

4.4 

218±3 

4.0±0.8 

0.0G± .08 

— 



— 

12 

4 

.3.0 

100 + 3 

3.0±0.4 

1.87+ .18 

+ 



— 

13 

8 

3.0 

182±2 

2.0±0.5 

1.00± .12 

4- 


Non-proRnant 

■- 

14 

4 

2.3 

170 ±4 

2.2 + 0.5 

1.40+ .29 

+ 



— 

21 

5 

.3.4 

180 + 3 

2.C±0.4 

2.88± .11 

++ 



12 

fi 

4 

.3.0 

224 + 0 

G.5±1.5 

I.54±.27 

^ + 



13 

13 

8 

3.5 

233 ±7 

4..3±0.0 

1.08+ .12 

4- 

Tliyroidecfomixcc] 


20 

0 

4 

4.8 

220 + 4 

.3.5±0.7 

1.04+ .07 

-b 



20 

8 

0 

2.8 

221 +3 

1.0±0.4 

0.94±.03 



Pregnant 

20 

13 

4 

4.5 

235 ±0 

.3.5±n.4 

1.51+ .18 

+ 



20 

14 

4 

2.0 

213 ±5 

5.0±1.0 





20 

14 

4 

3.8 

237 + 3 

2.0±0.3 

0.92± .14 




20 

20 

4 

2.0 

221 ±0 

2.5±1.0 

1.30+ .19 




21 

21 

4 

.3.0 

244 ±7 

5.3±1.0 

1.34± .13 

± 

— 

— 

— 

— 

CO 

0 

151+2 

1.5±0.2 

0.45+ .03 

- 


/ Sd- 

• SE = \/ - 

' n(n—I) 


lime of pregnancy (03-90 gm.) depending on the day of pregnancy when 
the operation was performed; those thyroidectoniized on day 1 of preg¬ 
nancy gained the least. Non-pregnant thyroidectomized rats of the same 
age gained 13 gm. in tliis early post-operative period, essentially the same 
gain as made b.y normal i-ats during the interval (15 gm.). Hj’pophysec- 
tomized rats lost weight (20 gm.). 

The ovarian weights of the normal pregnant rats at day 13 of pregnancy 
were still within the range for normal rats, but by day 20 had increased 
from 64 mg. to 84 mg. (Table 1). This increase in ovarian weights late 
in pregnancy also occurred in thyroidectomized-pregnant rats, whereas in 
thju’oidectomized rats they decreased within the same post-operative 
period. Hypophysectomy on day 12 of pregnancy did not result in atrophy 
of the ovaries bj^ da.y 20 of pregnancy, whereas in non-pregnant rats 
ovarian atrophj' followed h 3 'pophysectom 3 ^ within this interval. 

The adrenal weights in normal pregnant rats remained within normal 
range. Adrenal weights decreased after th 3 ’'roidectom 3 '^ in pregnant as in 
non-pregnant rats. After h 3 'poph 3 'sectom 3 ’’ the adrenals regressed to the 
same extent in pregnant as in non-pregnant rats. 

The uptake of the th 3 ’'roids of the normal-pregnant rats on da}'^ 13 
was lower than in non-pregnant rats and was reduced further b 3 ’' da 3 '^ 20. 
The uptake was markedl 3 '’ reduced following h 3 ’'poph 5 ^sectom 3 '', but 
after h 3 ^poph 3 "sectom 3 ^ in pregnant rats it remained somewhat above the 
level in h 3 ^poph 3 \sectomized controls after the same post-operative in- 
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Table 3. Ixfluexce of hypophysectomy ox growth promotixg activity of 

PLASMA AS JUDGED BY TIBIAL ASSAY 


Donors of plasma 


Hypopliysocfomizeii recipients— 
l-i day post-operative 


T.vpe 

IDay of 
preg- 1 
nancj- 

1 1 

Da VS 
P.O. 

I No. 
of 1 
rats 

Daily 

dose 

4 days 

Epiphyseal 

cartilage 

width 

Body 

weight 

increase 

Thymus 

weight 




1 

4 

CC. 1 

3.0 ■ 

micra i 
19G±3 

gni- 1 

3.3±0.7 

mg. 

Normal 

— 

-— 

4 

3.5 

19S + 4 

3.210.6 

155 + 6 


— 

' — 

S 

4.0 ; 

1 

212±3 

4.0+0.4 

16015 


IG 

_ 

G 

2.8 

217+5 

3.0+0.5 

17616 

Normal 

20 

— 

4 

3.0 

220 ±3 , 

5.8+0.6 

15817 

pregnant 


1 — 

4 

3.6 i 

245+4 

2.0+0.3 

164 14 



' 4 

5.0 

22G ± 2 1 

5.5 + 1.0 

151 15 


10 

4 

* 4 

3.5 1 

225 ± 1 

2.3 +0.4 

177 15 



s 

8 

3.0 

210±2 

1.0+0.1 

15214 



S 

1C 

3.6 

230 ±3 

3.3 +0.4 

18913 


1 20 1 

s 

8 

4.5 i 

225 ± 2 1 

3.5 0.5 

ICS+4 

! 

1 ~ 1 

1 

60 

1 0 

1 151 +2 I 

1.5 + 0.2 

11013 


terval. The uptake ivas ^'eIy Ioav in thyroidectomized rats, ^Yhether 
pregnant or not, the low value being the basis of selection of donors. 

Table 2 shows the influence of thyroidectomy on growth-promoting 
potency" of plasma in pregnant and non-pregnant rats, as judged b.v the 
tibial assa 3 ^ The potency of plasma of thyroidectomized rats was low, 
probably lower than in normal rats, whereas in thyroidectomized-pregnant 
rats it was higher than normal. The plasma from thyroidectomized- 
pregnant donors, though drawn at vaiying periods after thyroidectomy, 
contained the same amount of growth-promoting actiAuty as that from 
normal-pregnant rats at the same period in pregnancy. 

The th 3 Totrophic acti\'it 3 ' in plasma of thyroidectomized donors, both 
pregnant and non-pregnant, was increased, judged by thyroid morphology 
and uptake in lypoph.ysectomized recipients (Table 2). Daily doses of 
3 to 5 cc. of plasma increased the height of the epithelial cells, caused 
vacuolation of colloid, and more than doubled the I*'** uptake. Similar 
doses of plasma from normal rats, pregnant or non-pregnant, did not give 
these eA'idences of th.vroid stimulation. 

The effect of hj-pophysectony on the growth-promoting activity in 
plasma of pregnant rats as judged ly the tibia test is shown in Table 3.® 
The growth promoting potenc.v of plasma from hypophysectomized-preg- 

‘ Serum from iion-prognant liypopliysectomizecl r.afs w.ns not injected simultaneously 
with these exiierimental groups, however, the serum of rats was assayed 55 to 70 days 
after hypojihyseetomy and showed no evidence of growth promoting potency. Doses of 
1, 3 and 5.5 ce. of serum were injected daily for -I days into groups of ■} rats each. The 
Iiroximal ej)i])hyseal disc of the tibia of controls averaged lG5gand of injected 179, I7-J 
and 172 g. respectively. 
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nant rats was greater than in normal rats, being of the order of that in 
normal-pregnant i-ats (4). Tlie slight increases in body weights oliserved in 
hj^pophj^sectomized recipients were not considered reliable evidence for 
increased growth-promoting content of plasma, due to the brevity of the 
injection period (4 days). A more definite increase in body weight, as well 
as an increase in tail length, was observed when plasma obtained from I’ats 
on day 16 or 20 of pregnancy was injected for 14 or 1.5 days (Table 4). The 
plasma from both normal-pregnant and hypophysectomized-pregnant 
rats increased body Aveight and tail length to about the same extent. The 
width of the cartilaginous disc of the tibia was likewise increased after 


Tahi.k 4 . or iivrorttysncTOMY on tiii: c.kowtii rnoMOTiNO 

ACTIVITY or IM.ASMA Or I’UCGNANT nAT.‘i JUDOCD IlY BODY OBOWTII 


Doners of pliisiin 


llypophysoctoinizcd lenpicnts 


Type 

Dny of 
IircK- 
luincy 

Dnv» 

P.O. 

DnyH 

P.O. 

Dnys 

inj. 

Pntly ; 
doso 1 

Tibinl 

curfilnpc 

width 

Rody 

wciRlit 

increase 

Tail 

IcnKtIi 

increase 

Thymus 

weight 

1 





rc. 1 

niicrn 

cm. 1 

fcni. 

mR. 

Noriiml Noii-prcKnnut 

— 




.3.0 

173 ±0 

4±1.2 

2 +0.1 

123 ±10 

Noriiml-Prcfjniint 

20 


i 


3.0 

208 ±0 

8 + 1.0 

5 ±0.3 

152 ± 6 





M 






Uvpophv'cetoimzed-rrcKiitiiil 

20 

8 



3.0 

221 ±0 

C±0.8 

5 ±0.3 

134±10 


— 




0 

140 ±1) 

2±1.2 

0.6±0.1 

09+7 

Norninl Non-I’recnnnt 

— 

B 



3.0 

170±5 

11±1.0 

3..'>±0.2 

1S0± 4 

Normtil-I’rcpminl 

10 




3.4 

220 ±4 

10±1.C 

0.0±0.3 

150 ± 4 




30 

l.'i 






I lypophj hect oiniied-I’rCRnnnt 

10 

1 •< 



3.0 

200 ±0 

10±1.0 

5.2±0.2 

104 ±12 




1 


0 

143 + 3 

0±0 

0.7±0.1 

99 ± 5 


this longer injection period, and to approximately the same extent in 
recipients of plasma from both types of donor. The plasma from normal 
(non-pregnant) rats caused a smaller though consistent increase in tail 
length and tibial cartilage width. 

The weight of the thymus was increased someAvhat by injections of 
plasma for both 4 and 14 days, especially by plasma from pregnant rats, 
either normal or hypophysectomized. No gonadotrophic or adrenocor- 
ticotrophic activity was detected in the plasma from any type of donor 
at the doses injected, as judged liy ovarian Aveight, follicular groAvth and 
interstitial cell repair, or by adrenal Aveight and cortical lipid distribution. 

DISCUSSION 

The persistence of greater than normal amounts of groAvth-pronioting 
actiAuty in the plasma of pregnant rats after hypophysectomy indicates 
a source outside the maternal pituitary. Maternal pituitary groAvth hor¬ 
mone Avould haA^e disappeared from the circulation long before the peiiod 
Avhen plasma Avas draAvn for bioassay. The anticipated period of suryNal 
of groAATh hormone in the circulation after h^^pophysectomy is ielatiA’'elj 
short as far as can be judged from injection of groAvth hormone, AAdiich 
indicated a half-life of 8-10 hours (10,11). An increased growth-promoting 
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activit}' in plasma is here reported 4 to S days after In'popln'sectomy, 
that is, on da 3 's 16 to 20 of pregnancj'. The fetal pituitaiy probabh* does 
not contribute growtli hormone to the plasma in the earlier period of 
pregnancy (12, 13). In later pregnane}', da}' 20, the potency of plasma was 
not greater than on day 16, although it is known that the fetal pituitary 
by this period contains groAvth hormone (14). It seems probable therefore, 
as others haA^e postulated previously (15), that the placenta is a source of 
growth-promoting substance in the hypophysectomized-pregnant rat. 

After thyroidectomy of the non-pregnant rat the growth-promoting 
activity of plasma has been found to decrease parallel with the decrease 
in the pituitary growth hormone content (5, 6, 16), whereas after th}'- 
roidectomy of the pregnant rat there is no comparable decrease in growth 
promoting potency of the plasma. It seems probable therefore that either 
the origin of the growth-promoting substance or the mechanism of its 
release is different in the tivo cases. In thyroidectomized-pregnant rats 
the growth promoting activity present during the first half of pregnancy 
probably originates in the placenta, though conceivably also in the ma¬ 
ternal pituitary. In later pregnancy the fetal pituitary may contribute. 

The thyroid hormone of maternal origin does not appear to be a syner¬ 
gistic agent contributory to the increased growth potency of plasma of the 
pregnant rat. Thyroid function is actually reduced in the rat during nor¬ 
mal pregnancy, as far as can be judged by the reduced I’^' uptake by the 
thyroid. A reduction in protein bound iodine in plasma has also been re¬ 
ported in the rat during pregnancy (17). Furthermore, the growth-pro¬ 
moting activity of plasma of hypophysectomized-pregnant rats was found 
to be similar to that in normal pregnancy, whereas the thyroid function 
was reduced beloAv that in intact-pregnant rats. The growth-promoting 
activity in the plasma of the thyroidectomized-pregnant rats was also 
similar to that in intact-pregnant rats in spite of the complete absence of 
thyroid tissue. Persistence in the circulation of maternal thyroxine seems 
unlikely, since the half-life of thyroxine is a matter of hours (lS-21). At 
the time the plasma of thyroidectomized-pregnant rats was bioassayed 
and found to contain growth stimulating substances, 13 days after thy¬ 
roidectomy, the amount of circulating thyroxine would therefore be in¬ 
significant. The activity of the fetal thyroid must be kept in mind in 
considering later pregnane}'. The fetal thyroid is knoAvn to be able to 
accumulate iodine, and to produce and release thyroid hormone into the 
fetal circulation (22, 23). It is possible that fetal thyroxine may cross the 
placenta in amounts sufficient to synergize the growth-promoting activity 
of maternal plasma. Fetal thyroxine may also reinstate the growth hor¬ 
mone-producing acidophils of the maternal pituitary, as it is knoAvn that 
only small amounts of thyroxine are necessary for this effect (24, 25). 

The thyrotrophic hormone content in plasma is known to increase in 
the non-pregnant thyroidectomized rat Avithin the post-operative period 
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in question and this rise occurs only when the thyroxine level is very low 
(24, 25). In the present examination of the plasma of thyroiclectomized- 
pregnant rats, the thyrotrophic hormone content was found to be increased 
to approximately the same level as in non-pregnant thyroidectomized rats, 
indicating that here too the level of thyroxine was low. Both the morphol¬ 
ogy and uptake of the thyroids of hypophyscctomized-pregriant rats 
indicated that thyroids of these animals were also under the influence of a 
thyroid stiimdating substance not present in the non-pregnant hypo- 
physcctomizcd rat. Such thyrotrophic substances could be contributed 
either by the placenta or the fetal pituitary. Thyrotrophic hormone has 
been demonstrated to be present in the fetal rat pituitary in later preg¬ 
nancy (13). The amount secreted by the fetal rat pituitary has even been 
shown to be capable of increasing under stimulation, as thyroid hyper¬ 
plasia has been observed in fetuses of hypophysectomized-thyroidec- 
tomized pregnant rats injected with goitrogens (26). It seems less probable 
that the placenta produces and releases thyrotrophic substances, since it 
has licen shown that tlic thyroids of decapitated fetal rats did not become 
hyperplastic after injectioTi of propylthiouracil (27). This leaves the fetal 
pituitary as the more probable source of thyrotrophin in the hypophysec- 
tomized-pregnant rat. 

liividence for the production of some other hormones beside growth and 
thyroid stimulating hormones was also recorded. Enlargement of the 
follicles and increased ovarian weight was noted on day 20 of pregnancy 
in normal rats. This enlargement was probably preparatory for ovulation 
which is known to occur at parturition (28). The resumption of secretion 
of pituitary follicle stimulating hormone has been as.sumed to account for 
this follicular growth and the accompanying ovarian weight increase. The 
ovaries of hypophysectomized-pregnant rats did not decrease in weight as 
occurs after hypophysectoiu}- in the non-pregnant rat. The ovaries even 
increased in size slightly later in pregnane^’. The corpora lutea remained 
large and the luteal cells were almost as large as in intact pregnant ani¬ 
mals, but no follicular enlargement occurred. It appears therefore that in 
the absence of the maternal pituitary, secretion of gonadotrophins capable 
of stimulating follicular growth does not occur, but that the placenta con¬ 
tributes a substance which maintains the corpora lutea (29, 30). In non¬ 
pregnant thyroidectomized rats the ovaries regressed and ovulation rarely 
occurred, but the ovaries of thyroidectomized-pregnant rats increased in 
weight late in pregnane^' and contained large follicles as well as large 
corpora lutea. From this it would appear that in the thj'roidectomized- 
pregnant rat the pituitary or the placenta, or both organs, continue to 
secrete the necessaiy gonadotrophic substances. The pituitaiy of the 
thju’oidectomized rat has been shoAvn to be able under certain circum¬ 
stances to produce and release an amount of gonadotrophin comparable 
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to that of the normal pituitar 3 ’. When, for example, gonadectomj* was 
superimposed on thj'roidectomj' both the pituitary and plasma were found 
to contain greater amounts of gonadotrophins than after tln-roidectonn- 
alone (5, 16, 31). 
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GASTRIC SECRETORY ACTIVITY IN MICE AND RATS 
WITH TRANSPLANTED HORMONE SECRETING 
ADRENOCORTICAL TUMORS' 
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Medical Clinics, Peter Bent Brigham Hospital, The Children's Cancer Research 
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Afcdicinc and Pathology, Harvard Medical School, 

Boston, ^[assachusclts 

ABSTRACT 

Abnormalities of gastric secretory activity have been reported in both hyper 
and hypo-adrcnocortieoidism in man and animals. It has been suggested that 
different adrenocortical steroids vary in their effect upon gastric secretion. 

Gastric secretory activity was studied in mice and rats with transplanted 
hormone secreting adrenocortical tumors, and in normal rats receiving corticos¬ 
terone and desoxj'corticosterone acetate. Corticosterone and lljS-OHA'* 
androstcno-3,17-dionc arc the principal steroids produced by the mouse adrenal 
tumor and corticosterone is the major steroid secreted by the rat adrenal tumor. 

No 17o: hydroxylatcd adrenocortical steroids have been detected in the adrenal 
tumor tissues in vivo or in vitro in these animals. 

There was no significant difference in gastric juice volume, pH, hydrochloric 
acid, potassium and chloride concentration or pepsin content in the tumor bear¬ 
ing animals when compared to the controls. The sodium content of the juice in 
tumor bearing rats was significantly elevated probably reflecting a mineralo- 
corticoid effect. There was no difference in surface tension or rheological 
behavior. No pathological changes of the stomach wall were observed in either 
group. 

C’orticosteronc or dcsoxycorticosterone acetate did not influence any 
parameter of gastric secretion in normal rats. These studies suggest that 
corticosteroids without 17a hydroxylation do not affect gastric secretory ac¬ 
tivity or induce gastric ulceration. This is in contrast to gastric secretory 
changes and ulceration reported in animals receiving 17a hydroxylatcd corti¬ 
costeroids. 

T he effect of adrenocortical activity upon gastric secretory function 
is illu.strated by the abnormal gastric secretion described in clinical 
states of both hyper and hypo-adrenocorticoidism (1, 2, 3). Patients with 
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the hypercorticoidism. of Cushing’s sj-ndrome have been reported to 
secrete more gastric acid than normal after a gruel test meal (1). Patients 
with adrenal or pituitary over-activit}" (Cushing’s disease) excreted ab¬ 
normally high quantities of uropepsin (2, 3). Adrenocortical hyperplasia 
and tumors have been observed in association with multiple endocrine 
tumors accompanied by gastrointestinal ulceration (4). 

On the other hand, adrenocortical hj’^pofunction in man is associated 
with abnormally low quantities of gastric hydrochloric acid (2, 5), and 
peptic ulceration in Addison’s disease has been observed infrequently 
(2, 3). Reduced gastric activity in adrenocortical insufficienc}^ has been 
demonstrated in animals and man with restoration to normal levels by 
the administration of cortisone (2, 3, 6, 7, S) but not by desoxycorticos- 
terone acetate (DCA) (9). It has been suggested that cortisone-like 
steroids are those which affect gastric secretor}’- activity, in contrast to 
corticosterone and desox 3 ’’cortieosterone acetate which are without de¬ 
monstrable effect (3, 10). 

The development of transplantable hormone secreting adrenocortical 
tumors in mice and rats by Cohen el al. (11, 12) presented the opportunity 
to investigate the gastric secretor 3 '^ activity in these animals. Corticos¬ 
terone and 11 /3-OH-A‘' androstene-3,17-dione are the principal steroids 
produced by the mouse adrenal tumor, and corticosterone is the major 
steroid secreted b 3 '’ the rat adrenal tumor (12). No 17 q: hydrox 3 dated 
adrenocortical steroids have been detected in the adrenal tumor tissues 
in vivo or in vitro (12, 13) in these animals. 

MATERIALS AMD METHOD 

Hormone secreting adrenocortical tumors were transplanted into LAFi mice and 
into AYR rats by the method previouslj" described (11). Animals with tumor transplants 
and normal control animals of the same age and strain were maintained on a normal 
diet for six weeks in the case of the mice, and sixteen weeks in the case of the rats. .4t 
the end of this time all the mice and the majority of the rats with transplants had 
visible tumors. The remainder of the rats with transplants had palpable tumors. 

The effect of desoxycorticosterone acetate (DC.4) was evaluated by injecting intra¬ 
muscularly into Sprague-Dawlej" female r.ats 2.5 mg. DCA dailj' for seven days. Corti¬ 
costerone in doses of 2.5 mg. daily was injected intramuscular^ for three days in one 
group and for seven days in another. A group of twenty-nine normal females were used 
as controls for these experiments. 

Gastric juice was obtained for analysis from both mice and rats by the Shay pro¬ 
cedure. In the rats the stomachs were removed four hours after pyloric ligation, and in 
the mice twelve hours after ligation. The juice was analyzed for volume, pH, hydro¬ 
chloric acid, pepsin and electroh'te content as previously described (14). The significance 
of the difference between means was calculated using Student’s “t” test and the 2^ 
level of significance. The stomachs were examined macroscopicallj- and microscopically. 

The surface tension of gastric juice was measured using a Langmuir-AA'ilhelmy film 
balance as described by Avcr\' c/ al. (15). Two cc. of gastric juice were diluted with 03 
ce. of physiological saline for anah-sis. Since surface tension is a function of film area 
the tension was recorded at different areas, the surface being compressed to 15% of 
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Table 1. Gastric secretion in mice and rats witii transplanted 

HORMONE SECRETINO ADRENOCORTICAL TUMORS 



Number 

of 

animals 

Vol¬ 

ume* 

fee.) 


nci 

Na 

K 

Cl 




pU 

K rcc 

Total 

uasincT Unstne; 



(m cq./l.) 


pepsin 

wail 



(in.cq./l.) 



pop'jin 

Noriiml mice* 

8 

0 

±2.2 

2.8 

±0.0 

24 

±24 

49 

±41 

95 

±10 

12 

± 6.5 

180 

±12 

21,090 

±22,000 

655 

±345 

Mice with tumors 

12 

7.1 

±1.4 

2.3 

±0.0 

25 

±11 

50 

±30 

107 

±10 

10.3 
± 3.8 

192 

±47 

22,2.30 
± 0,700 

671 

±780 

Normal rats 

7 

1.2 
± .8 

1.7 

±0.7 

00 

±40 

lori 
i TiO 

50 

± 4.2 

10.0 

±11.0 

150 

±11 

231 

±180 

1,290 

±114 

lints with tumors 

14 

±0.2 

2.5 

±1.3 

35 

±27 

84 

±25 

74 

±21 

12.5 
± 0.4 

140 

±10 

110 
± 31 

1,387 

±.335 


Mcfin values with standard deviations. 

* Cc. per 100 Kin. body weicht. 

t Peptic units/cr./IOO Kin. body weiKht Xvohimc seoreted. 
i Peptic units/wo bod 3 ’ weight in whoic stntnnch^ 


its original area. The rheological behavior was studied in a cone-and-platc type of 
viscometer at 37° C using shear rates of 12, 30 ainl 00 r.p.m. and 3 ec. centrifuged sam¬ 
ples, pooled where necessary (IG). 


RESULTS 

Tlic gastric secretory activity in mice and rats witli transplanted 
adrenocortical tumors (secreting predominantly corticosterone) is com¬ 
pared with control animals in Table 1. There was no statistically signif¬ 
icant difference in volume, pH, hydrochloric acid, potassium and chloride 
concentration, and pepsin content of gastric juice in tumor bearing animals 
when compared with controls. Similarly, the pepsin content of the stomach 
wall was not different in the two groups. Tlic sodium content of the juice 
in tumor bearing rats was significantly higlicr than in the control animals 
probably reflecting a mincralocorticoid effect. Thei'e was no change ob¬ 
served in volume, pli, hydrochloric acid, sodium, potassium and pepsin 
content of the gastric juice after the injection of corticosterone or desox}^- 
corticosterone acetate into normal rats (Tal)le 2). 

The physical properties of gastric juice were evaluated bj" surface ten¬ 
sion and viscosity measurements. Measurements of the surface tension as 


Table 2. The ekeect of coRTico.^iTEnoNE and deso.vycorticosterone 
UPON THE gastric SECRETION OF THE R.VT 



Num¬ 

ber 

of 

ani¬ 

mals 

Volume* 

(cc.) 

pU 

HCl 

Na 

K 

Gastrict 

juice 

pepsin 

Free 

Total 

(m.eq./l.) 

(m.eq./l.) 

Controls 

29 

3.8±1.4 

1.20±0.17 

93 ±22 

127 ±21 

33.4±21 

a.3±3.6 

770 ±340 

Corticosterone (3 days) 

S 

2.7±0.3 

2..3 ±0.1 

100±10 

130 ±20 

24 ± 8 

10.0 + 2.1 

517 ±140 

Corticosterone (10 days) 

7 

3.4±0.0 

1.1 ±0.1 

SO ±20 

119 ±18 

34 ±13 

10.7 + 5 

659 ±160 

Dcsoxycorticostcrone 
Acetate (7 days) 

10 

3.2±1.2 

1.1 ±0.2 

98 ±13 

117 ±13 

45 ±18 

9.6±2.5 

594 ±240 


* Cc. per 100 gm. body weipht. 

t Peptic units/ec./lOO gm. body wciglit Xvolumo secreted. 
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Table 3. Surface tension' in dynes/cm. of gastric juice from rats bearing 
hormone secreting adrenocortical tumors and normals 


Relative area 
(%) 

Gastric juice from rats bearing tumors 

Gastric juice from normal rats 

1 

2 

3 

4 

5 


(di’nes/cm.) 


(dynos/cm.) 

100 

43.6 

41.0 

40.5 

39.0 


90 

36.8 

36.8 

35.5 

34.7 

41.7 

80 

34.8 

35.0 

34.2 

34.3 

30.8 

70 

34.8 

34.0 

34.2 

32.5 

34.4 

60 

33.0 

34.0 

33.0 

32.0 

30.7 

50 

33.0 

33.0 

32.0 

29.5 

28.2 

40 

30.5 

31.8 

29.5 

28.2 

27.0 

30 

29.5 

30.5 

27.0 

24.5 

25.8 

20 

27.0 

27.5 

25.0 

23.2 

23.3 

15 

27.0 

25.7 

24.5 

22.0 

22.0 

20 

44.0 

38.6 

41.5 

38.0 

46.0 

30 

49.0 

42.8 

44.5 

42.0 


100 

60.0 

58.8 

57.5 

57.5 

58.9 


a function of area revealed no significant difference in the juice obtained 
from tumor animals and controls (Table 3). Viscosit}" measurements at 
different shear rates (Table 4) showed the rheological behavior of gastric 
juice of tumor animals was similar to that of controls. 

Macroscopic mucosal ulceration was not seen in any of the animals in 
this study, and histological examination revealed no difference in the 
mucosa from tumor bearing animals when compared with normals. 


DISCUSSION 

The absence of significant changes in gastric secretory function in mice 
and rats with hormone secreting adrenocortical tumors (Table 1) maj' be 
attributed to the lack of 17a hydroxylated corticosteroids which have been 
reported to increase gastric secretory activity and acid production in ani¬ 
mals (17, 23). The 17a h 3 "drox 3 "lated adrenocortical steroids have not been 
found in the tumor bearing animals (12, 13) or in normal mice and rats in 
significant quantit}" (12, 13, IS, 19, 20, 21). 

Corticosterone appears to be the predominating active steroid in both 
the tumor bearing animal and normal mice and rats (12, 13, IS, 19, 20, 21). 
The unaltered gastric secretion observed in the tumor bearing animals and 


Table I. Tun rheological behavior of gastric juice from nor.mal mice and bits 
and from animals bearing hormone secreting adrenocortical tumors 


Shear r.Tto in r.p.m. 

Gastric juice from tumor rat 
Gastric juice from normal rat 
Giistrjc juice from tumor mice 
Gastric juice from normal mice 


12 

30 

GO 

0 

5.0 

10.0 

1.0 

6.0 

9 5 

2.5 

4.0 

10 0 

6.0 

8.0 

14.0 


The units of measurement at clifTerent rates of shear arc arhitr.arv anti are proportional to 
the altsolute viscosity. Note tlic increased deflection with increasing shear rate is similar in 
tumor hearing animals and controls indicating there is no signific.ant difference in the be¬ 
havior of gastric juice from the two groups. 
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in the normal rats receiving corticosterone and desoxycorticosterone ace¬ 
tate support previous findings in humans that tliese corticosteroids are 
without significant effect upon gastric secretion (2, 3). Oral corticosterone 
did not affect the uropepsin/creatinine ratio in humans while the 17a 
hydroxylated compound, hydrocortisone, increased gastric secretory ac¬ 
tivity as measured by this ratio (22). Similarly, the 17a hydroxylated 
adrenocortical steroids have been reported to increase gastric secretion in 
humans (3) and in ain’mals (17, 23). Moreover, depressed gastric secretion 
in humans with adrenocortical insufficiency may be restored by cortisone 
administration (2, 8). 

Gastric mucin, important for gastric mucosal defense, influences the 
physical properties of gastric juice. Both surface tension phenomena and 
the rheological behavior of gastric juice from tumor bearing animals and 
normals were the same, suggesting that under the conditions of these ex¬ 
periments there was no demonstrable qualitative effect on gastric mucin. 
Decreased gastric juice viscosity has been reported following the adminis¬ 
tration of ACTIi to humans (2-1). Beduction in the quantity of gastric 
mucin has been observed histologically after cortisone and hydrocortisone 
(6). 

The gastric mucosa in animals .subjected to increased endogenous or 
exogenous corlicoslei'one or exogenous desoxycoi-ticosterone acetate in this 
study was free of ulceration and essentially normal both macroscopically 
and microscopically. This is in contrast to reports that rats given the 17a 
hydroxylated adrenal steroids regularly develop gastric ulceration (7, 26). 
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THE EFFECT OF FIYPOPHYSECTOMY AND OF 
TSH ON THE MOUSE SUBMAXILLARY 
IODIDE PUMP 


ALVIN TAUROG, G. D. POTTER and I. L. CHAIKOFF 

DcpnrtmcnL of Physiology, University of California, Berkeley, California 

ABSTRACT 

The I'®’ that is concentrated by tiie subinaxillary glands of mice injected 
with radioiodidc rcinaijis in the form of inorganic iodide, as revealed 1 ) 3 ' paper 
chromatography and paper electrophoresis. The iodine concentrating capacity 
of snbmaxillary gland tissue in three strains of mice was determined by measur¬ 
ing the ratio, 

I'^' concentration in sul)mnxillar 3 ' 
radioiodidc concentration in ])lasma 

(S/P ratio), at various intervals after injection. S/P ratios ranged from values 
of 4 to 7 for Call and Wcbstcr-Swiss mice to values of more than 30 for Cal A 
mice. In the former groups the maximum ratio was reached in about one hour, 
in the latter, after 4 hours. 

IIy])oi)hysectomy and TSII injections did not induce any significant change 
in S/P ratios although, in the same mice, thyroid I‘^‘ uptakes or T/S ratios 
were markedly afifeeted. It is concluded that the submaxillary iodide pump, 
unlike the th.vroid iodide irumj), is not dircetR' affected b.v the presence or 
absence of TSII. These observations arc discussed in relation to a previously 
proposed mechanism of action of TSII on the thyroid gland. 

I T HAS become inci'easingly evident in recent years that the thyroid 
gland is not the only mammalian tissue which can concentrate inorganic 
iodide. Other tissues, such as gastric mucosa (1-6), salivary glands (2, 4, 
7), lactating mammary gland (4, 8), and placenta (9, 10) have also been 
shown to possess mechanisms for transporting iodide against a concen¬ 
tration gradient. These extra thyroidal iodide pumps, like that of the 
thyroid, are inhibited by thioc^'anate and perchlorate, a findings which led 
Rowlands and his coworkers (11,12) to postulate an iodide transport mech¬ 
anism for salivary tissue similar to that of the th 3 '’roid. Logothetopoulos 
and Mj'^ant (13) also concluded, from their radioautographic studies of the 
localization of iodide-I'^' and S^Mabeled thioej'^anate in th 3 n'oid, salivary 
glands and gastric mucosa, that iodide transport in these tissues operates 
via a common mechanism. 

Since it is well known (14-16) that the th 3 a'oid iodide pump is largeR 
under the control of pituitar 3 ’’ th 3 Totropic hormone (TSH), it seemed of 

Received December 14, 1958. 
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Table 1. Sdbmaxillary and thyroid I”' in cal a strain mice at 

INTERVALS AFTER INJECTION 


Cxp 

1 No. of 
' mice 
per 
group 

1 

Age 

1 

Diet 

Inter- 

lal 

after 

li« 

1 

Mean 

body 

wt. 

Mean 
submax- 
illarj* 1 
wt. 1 

^(ean 

fo?d- 

wt. 

1 SubmaxiHarj-| 

f Thj roid I»‘ 1 

f 

1 s/p 

of in¬ 
jected 

Distribution 
Within gland 

% \ 

of ID- ; 
jected ' 
!»■ 

Di'stnbution 
within gland 

Iodide 

Non- 
lodide 1 

Iodide, 

Non- ' 
lodtdei 





hr. 

gm 

mg 

mg. 


er 

/c 

% 


Vc 

r- 



9, 



0 5 

32 8 

179 

5 6 

5 3 

99 8 

0 2 

1 3 

29 0 

71 0 



2 

18 

Purina 

2 

28 5 

177 

5 3 

11 6 

9D 8 

0 2 

4 0 

10 6 

89 4 

1 14 9 


o 

mos. 

Lab. 

4 

28 8 

160 

6 0 

mEmM 

99 9 


6 3 

T 0 


1 32 S 


2 


Chow 

7 25 ; 

30 2 

180 

4 1 

5 I 

09 8 

0 2 1 

- 1 

— 1 

— j 

29 5 


4 



1 

24,6 

163 

_ 

10 2 

_ 

_ ! 

2 S 

_ 

1 

1 12 9 

2 

4 



2 

29 6 1 

192 

— 

13 8 

— 

— j 

6 5 1 

- ! 

— 

[ 20 1 


4 



4 

23 8 

133 

— 

17 4 


— 1 

8 2 

— 1 

— 

33 5 


2 


Purina : 

2 I 

24 4 

144 

_ 

3 3 

99 9 

0 I 


_ 1 

__ 1 


3 

2 

3 

Lab. 

4 1 

23 5 i 

142 

— 

4 4 

99 9 

0 1 


- : 

— 



2 

mos. 

Chow 

7 

22.0 1 

118 

— 

1 6 

99 9 

0 1 

— , 

— 




4 

56 ! 

Diet 1 

2 

24 3 , 

90 

_ 

2 1 

__ 

_ 

12 4 

__ 


1 G S 

4 

5 

days 

fnoadd* 

4 

24 2 1 

93 

— 

4 9 

•—. 

— 

22 6 

- i 

— 

15 9 




edIO) 1 


1 


1 

j 


1 

1 

! 


1 


interest to determine whether extrath 3 '^roidal iodide transporting mech¬ 
anisms are subject to similar control. A convenient means of investigat¬ 
ing this question was suggested b 3 ’^ the demonstration (12, 17) that mouse 
submaxillaiy tissue possesses a potent iodide concentrating mechanism, 
both in vivo and in vitro. In the present communication, we report our 
findings on the effects of hypoph 3 ’sectom 3 ' and of TSH on the mouse sub- 
maxillar 3 ^ iodide pump. 


METHODS 

Am7?!als~Male mice of various strains and ages were used: 1) Cal A Strain —Four 
experiments were carried out with mice of this strain. The ages and diets of the various 
groups are shown in Table 1. 2) CzH Mice —iMost of the experiments invoh’ing In-poph.v- 
sectomy and TSH injection were performed on mice of this strain. These animals were 
received at approximately 35 days of age, and placed on a diet of the following com¬ 
position (Diet 1): G7.5 per cent wheat, 15 per cent casein, 10 per cent whole milk powder, 
5 per cent hydrogenated vegetable oil, 1 per cent AhaCl, 1.5 per cent chalk, and 50 ml. 
of a vitamin A- and D-containing fish oil per S kg. of diet. This diet is low in iodine 
(about 0.2 pg. I/gm.). In some experiments (Table 2) the same diet was fed with sufficient 
added KI to bring the level up to 1 pg. I/gm. H 3 -poph 3 -sectomies were usuallj- performed 
1 to 2 weeks after the mice had been received, and the animals were maintained on 
Diet 1 throughout the e.xperiment. 3) If cbstcr^Swiss Mice—A single experiment in¬ 
volving two different age groups was performed (Table 3). These animals received 
Diet I with KI supplement, beginning two days before hypophysectomy. 

Technique of Ilypophyscclomy —Hypophysectomics were performed b}- hlr. C. Jordan 
according to the technique described by Lostroh and Jordan (IS). The operative mor¬ 
tality r.atc A-aried in different e.xperiments. It was greatest with the young Webster- 
Swiss mice (50 per cent), and least with the CjH mice (0 per cent in one experiment). 
Sella turcica checks were performed at autopsy with the aid of the dissecting microscope. 
.Ml hypophysectomics were complete as judged bx’ this criterion. Seven to 10 days a ere 
allowed to elapse after hypophysectomy before the mice were injected with 

P^'-Injcchon —Oak Ridge I“‘ was purified by distillation (19). Mice received 2 to 
SO pc. of distilled I”', including approximately 0.3 pg. of carrier iodide. Injection* were 
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Table 2. Effect of iiYroriiysECTOMY and or TSII on uftake or P” by sub- 

MAXILLABIES AND TIIYIIOIDS OF Call MICE 


E\p. 

! 

Age 

Treatment 

No. 

of 

mice 

in 

Rroup 

Intel-' 
vnl 
after 1 

JlSl 

Body 

wciRnt 

Siib- 

maxillnry 

wciRlit 

1 

Tliyroid 
y eight 

Per cent of injected P^i 

S/P 

Snl>- 

innxilUiry 

Thyroid 


dny.s 



hr. 



nig. 


1 




Control 

5 

4-5 




1.51 .13 

3.8 1 .43 

0.610.12 



HypX 

0 

4-5 




3.31 .37 

0.401 .024 

13,811.7 


■■■ 

Control 


2 

2n.3±1.0 

89± 3.9 

1.31 .052 

ABBESS 


4.C + 0..'lfi 


■jjm 

IlypX 

4 1 

2 

10.7±0.!)0 

54± 4.8 

1.31.000 

Wsm 


6.210.90 

1 


Control 

6 

1 

2I.2±I.3 

82± 5.3 

1.81 ,035 

3.01 .r> 2 *; 

1.8 1 .084 

7.G4-0.86 

3 

55 


5 

1 

20.5±0.42 

531 2.1 

1.31.14 

3.11 .31* 

0.201 .017 

7.910.83 

1 


tSii 

8 

1 

22.0±0.05 

941 3.3 

3.11.11 

2.81 .21*! 

5.0 1 .33 

0.210.57 



1 Control 

5 

4 

21.0±1.3 

84110.8 

1.C1.17 

5.41 .94* 

5.2 1 .54 

11.411.3 



1 nypx 

5 

4 

17.510.7tl 

.521 3.1 

1.01 .032 

4.21 .70* 

0.171 .010 

9.412.0 


* Paper cliromatoRrapliy was performed on thc’<p aamplea, and only a band for iodide-P” was observed on the 
radioautORrams. 


/ Yd* 

t Mean ± standard error. S.IO. = /f/- 

f n(n-l) 

usually given intra])critoncally, and tlic mice verc sacrifired from 30 minutes to 24 
hours later. 

Treatment of Tissues —At the conclusion of the experiment, the mice were anesthe¬ 
tized with Nembutal. Blood was taken directly from the heart with the chest open, and 
the thyroid and submaxillary glands were removed, the former with the aid of a dis¬ 
secting microscope. Thyroids were rapidly weighed on a previously tared microscope 
slide on a semi-micro analytical balance; submaxillary glands were weighed on a torsion 
balance to the nearest mg. 

In those experiments in which the nature of the I”' in the submaxillary glands was 
to be determined by fdter paper chromatography or by paper electrophoresis, the 
tissue was first homogenized with bicarbonate buffer (6 to 10 vol.) containing approxi¬ 
mately 0.001 ill thiouracil, and 20 pi. of the homogenates were applied to the filter 
paper strips. Chromatograjihy was carried out in collidinc-watcr-ammonia, and in 
butanol-cthanol-2N NIROII (20). Paper electrophoresis was performed at pH S.3 in 
0.06M veronal builer, and at ]iH G.2 in O.Oohl citrate buffer. 

TSII Treatment —Parke, Davis and Co. TSII (Lot 50P4) was injected into both 
normal and hypophyscctomizcd mice. Call mice (Table 2 and Fig. (4) received subcutane- 


Table 3. Effect or UYVornYSECTOMY and of TSH on uptake of P’i by 
sun:«AxiLLAniES and thyroids or webster-swiss mice 


Age 

Treatment 

: No. 

' of 
mice 
in 

, group 

Inter¬ 

val 

after 

Iin 

Body 

weiRtit 

Sub- 

nmxillary 

wcigiit 

Thyroid 

weight 

Per cent of injected 

s/p 

Sub- 

maxillary 

Th3-roid 


Control 

HypX 

TSII 

5 

3 

0 

hr. 

1 

1 

1 

Rtn. 

19.910.81* 
15.810.15 
19.3 0.08 

mg. 

7813.7 

4710.6 

8516.3 

mg. 

1.81.10 
1.11.017 
3.41 .16 

1.3 1 .24 
2.1 1.17 
0.951 .030 

1.0 10.21 
0.1310.040 
8.3 11.1 

4.4 + 0.63 
5.2 + 0.17 
2.710.26 

55 daj^ 



4 

21.110.29 

11012.7 



2.2 10.48 

3.210.54 


HypX 


4 

10.810.30 

5014.1 



0.1210.035 

9.311.9 



hand 

mm 

31.8±1.8 

190 + 7.1 

3.31.29 

2.3 1.27 

l.S +0.13 

3.8 + 0.54 

6 mos. 

HypX 

4 1 

H 

20.110.30 

9818.7 

2.71.25 

4.3 1.68 

1 0.25±0.032 

7.011.2 


6 


30.010.79 

17218.4 

4.11.39 

1.1 1 .29 


5.2 + 0.66 


HypX 

5 

1 ^ 

27.011.3 

8917.3 

3.11.30 

4.5 1 .93 

1 u.lo±u,u;5& 1 

IS.Oil.7 


/ Ed! 

* Mean ± standard error. S.E. = 4/ - 

V n(n-ll 
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ous injections twice daily, each injection consisting of 0.5 mg. of TSH in 0.1 ml. isotonic 
saline. Webster-Swiss mice (Table 3) received injections of 1 mg. of TSH in 0.1 ml. 
saline twice daih-. Injections were administered over a period of three days, a single 
TSH injection being given on the fourth day (7 injections in all). I'^' was administered 
1 to 5 hours after the last TSH injection. 

Calculation of S/P Ratios —The concentrated by mouse subma.villary tissue 

was present onlj- in the form of inorganic iodide (see below). Furthermore, at early 
intervals after I”* injection, the P’* in plasma was also present primarily as inorganic 
iodide. Even in normal animals maintained on Diet 1 without added iodide, protein- 
bound P^’ in plasma comprised less than 5 per cent of the total 1*^' 4 to 5 hours after I”' 
injection, as determined bj’' precipitation with trichloroacetic acid. In the plasma of 
normal mice maintained on Purina laborator 3 - chow, there was little evidence of organic 
in plasma even 7 hours after P^‘ injection, as determined bj' filter paper chromatog- 
raphj'. Therefore, in mice on Diet 1 sacrificed up to 4.5 hours after P^‘ injection, and 
in mice on Purina laborator}- chow, sacrificed up to 7 hours after I”' injection, the ratio 
total I”' per mg. of subma.'cillar 3 ’ tissue 
total P” per pi. of plasma 

(S/1’ ratio) was taken as a measure of the degree to which submaxillar 3 - tissue is able 
(o concentrate iodide. 

In normal mice treated with TSH, anal 3 'sis of plasma b 3 ’ filter paper chromatograpln- 
revealed that appro.\imatel 3 ^ 95 per cent of the I”* in plasma was present as inorganic 
iodide 2 hours after P” injection, and about SO per cent 4 hours after P^' injection. In 
a group of CsH mice sacrificed 24 hours after P^‘ injection (Fig. 3), 30 to 70 per cent of 
the plasma P®‘ was inorganic. In all of these groups, S/P ratios were based on the 
measured inorganic P’’ concentration of plasma rather than on the total P“ concen¬ 
tration. 

S/P Ratios in Mice Treated with Methyl Mercaptoimidazole —It seemed of interest 
to compare, in the same group of mice, the effect of TSH on the submaxillar 3 ' iodide 
trap with its effect on the thyroid iodide trap. To facilitate measurement of the latter, 
mice were first injected with meth 3 'l mercaptoimidazole (Aliill) which, in preliminar 3 ' 
e.xperiments, was found to block organic iodine formation in the th 3 Toid complete^ 
at a dose of 10 mg. per 100 gm. bod 3 ' weight. 

CjH mice, 56 da 3 ’s old, that had been maintained on Diet 1 without added iodide 
for three weeks, were divided into four groups; normal, normal injected with TSH, 
h 3 ’poph 3 ’sectomized, and h 3 'poph 3 "sectomized injected with TSH. TSH injections were 
e.xacth' as described above. Two to three hours after the last TSH injection, and nine 
days after hypoph 3 -sectom 3 ', each mouse received an intrapcritoneal injection of iMlMI 
(10 mg. per 100 gm. bod 3 ’^ weight) and, 30 minutes later, an injection of P^' containing 
0.3 pg. P-". Animals were anesthetized with Nembutal 90 minutes after the P“‘ injection, 
blood was withdrawn from the heart, and th 3 'roid and submaxillar 3 ’ glands were re¬ 
moved. S/P and T/P 

/ th 3 Toid I”' concentration X 
\ plasma I”' concentration / 

ratios were determined. 


RESULTS 

Nature of Concentrated in Mouse Submaxillary Glatid —Figure 1 
illustrates paper chromatographic results obtained xvith submaxillar}' tissue 
from CsH mice two hours after P®* injection. Results in two different 
chromatographing solvents are shown, and in each case, only a single 
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0 - - 0 

Fig. I. K;ulio;uilogra])iis of filtor jiajicr fliroinatograins of mouse .submaxiliary gianci 
tissue 2 hour.s after injeetion of radioioditle. 0, origin; S.F., volvcnt front. Inorganic 
was tlie onlj- component visible in the two dilTercnt solvents indicated. 


component was dctectalilc on (lie raclioautograplis—that corresponding 
to inorganic iodide. Similar I'e.sults were obtained in many other experi¬ 
ments, witli botli Cal A and Call mice, and at intervals from J to seven 
hours after r'"" injection. 

Paper electrophoresis, too, Avas employed to examine the chemical na¬ 
ture of the concentrated b}' mouse .submaxillary gland tissue. As re¬ 
vealed by this procedure also, iodide-I*'’’* Avas the onl}' radioactiA’^e com¬ 
ponent present. T.ypical results are ilustrated in Figure 2, Avhich shoAvs the 
electrophoretic pattern obtained at pH 8.3 and at pH 6.2, tAvo hours 
after injection. 

In no case AA^as there anj’^ CAudence of the unknoAvn compound (U-2) 
Avhich Ave preAuously encountered AA'hen cell-free preparations of rat sub- 
maxillaiy gland tissue Avere incubated A\dth iodide-I*®^ viiro (21). 

Normal S/P Ratios — The highest Amlues for S/P ratios obtained in the 
present study AA^ere observed in mice of the Cal A strain. As shoAAm in Table 
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ORIGIN pH 8.3 



SUBMAXILLARY 




I STANDARD 


ORIGIN pH 6 2 



SUBMAXTLLARY 

+ 


I STANDARD 


PAPER ELECTROPHORESIS 


MOUSE SUBMAXILLARY 


Fig. 2. Radioautographs of paper electrophoretigrams of mouse submaxillary tissue 
2 hours after injection of radioiodide. Conditions of electrophoresis: Whatman No. 1 
filter paper, 490 volts, 5 ma, 60 minutes duration. Buffers used; pH S.3, 0.05M Veronal 
buffer; pH 6.2, 0.06M citrate buffer. Inorganic I*” ivas the only component visible at 
both pH’s. 


1, values greater than 30 were obtained in some experiments. S/P ratios 
in these animals appeared to increase with time, reaching a maximum 
value 4 to 7 hours after injection. 

With CsH and Webster-Swiss mice, on the other hand, S/P ratios were 
considerabl}^ lower, and there was no consistent increase with time follow¬ 
ing the 1-hour measurement. This is clearl}^ shown for CjH mice in 
Figure 3 in which S/P ratios are plotted against time, from 1 hour to 25 
hours. The mean value of 7.8 obtained for S/P at 1 hour was not signif- 
icantl}^ different from the mean x’alue of 6.7, obtained at 24 hours. Values 
for S/P ratios in Webster-Swiss mice, shown in Table 3, ranged from 3.2 
to 5.2, and did not change significant!}' between 1 and 4 hours. 

<S/P Ratios after Hypophysectomy —The iodide concentrating capacity 
of submaxillary gland tissue, as measured by the S/P ratio, was not im¬ 
paired by hypophysectom}^ This is shown by the data in tables 2 and 3. 

Table 2 illustrates results obtained with CsH mice in several dilferent 
experiments. In no case was the S/P ratio significantly decreased after 
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Fig. 3. Curve showing change in S/P 
ratio witli time after I*^' injection in normal 
C.in mice. Each point represents the mean 
of results obtained with 4 or 5 animals. 
Vertical linos passing tlirough points in¬ 
dicate standard error of the mean. 


hypoph3^sectoniy, although thyroid uptake.s of in the same animals 
were greatlj’ reduced, llcsults of similar experiments with Webster-Swiss 
mice are shown in Table 3 . In the latter, an increase in S/P was usually 
observed after hypophysectomy. Po.ssiblc reasons for this increase are dis¬ 
cussed beloAV. 

S/P Ratios in TSH-Injcctcd Mice —Injections of TvSIi into either normal 
or hypophysectomized mice had no significant effect on S/P ratios. This is 
illustrated by Experiment 3 , Table 2, in which administration of TSH 
to normal C,iH mice had no effect on S/P ratios, although thyroid weight 
and th^'roid uptake of I'"’* were markedly increased. Similar observations 
are recorded for Webster-Swiss mice in Table 3 . 

In Figure -1, elTecls of TSII injection on both S/P ratios and thjToid 
I'®^ uptakes are compared in normal and in hypophysectomized C3H mice 
at various intervals after I*^' injection. The efTect of TSH administration 
on th3'roid uptake is immediatekv apparent, but the salivaiy iodide 
concentrating mechanism in the same animals was not alTected b3’ treat¬ 
ment with the trophic hormone. 

S/P and T/P Ratios in Mice Treated With Mercaptoimidazole —Tlyu’oid 
and submaxillaiy iodide traps were compared in four groups of mice, as 
described above under “Methods.” Organic binding of I*^^ was blocked in 
these animals b3' metlyvlmercaptoimidazole (MMI). The results, sum¬ 
marized in Table 4 , show that, under these conditions also, hypophysec- 
tom3' had no effect on S/P ratios. T/P ratios, however, were reduced b3" 
h3'pophysectomy to approximatel3’’ -5 the control value, a result in agree- 


Table 4. Effect of hyfoimiysectomy and of TSII on S/P and T/P ratios in CsH 

MICE TREATED ACUTELY WITH METIIYLMERC.VPTOIMID.AZOLE 


Treatment 

Number 
of mice 
in group 

Body 

weight 

Submax- 

illnry 

weight 

Thyroid 

weight 

S/P 

T/P 

Normal controls 


22.1+.73 



20.5+2.7 

350+28 

HvpX 

7 

18.4+ .84 

39 + 2.1 


19.G+3.6 

7G ± 12 

Normal-pTSH 

G 

22.1+.G6 

78±6.3 


14.0 + 1.1 

142 + 10 

HypX-hTSH 

7 

15.7+ .99 

37±5.0 


20. C ± 1.7 

156 +17 
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ment with observations previouslj^ made Wollman and Scow (16). 
Administration of TSH to ]i3''poph3"sectomized mice partially restored 
T/P ratios, but had no significant effect on S/P ratios. The interesting 
finding that administration of TSH to normal mice significanth’ reduced 
T/P ratios agrees with the previous report of Scow and Greer (22) who 
observed a similar reduction in mice fed prop 3 dthiouracil (PTU). A possi¬ 
ble explanation was provided b 3 '^ Halmi (6) who postulated that if “iodide 
acceptor sites” in the th 3 U’oid are alread 3 '- near a maximum, the 3 ' ma 3 ’ not 
be increased b 3 ^ excess TSH, whereas this hormone might, at the same 
time, still exert its usual effect on the weight of the gland. 

A surprising result encountered in the experiment of Table 4 was the 


HYPX 



Pig. 4. Bar graph showing comparative effect of TSH administration on S/P ratios 
(lower section) and th 3 Woid I'®^ uptakes (upper section) in normal and hj'pophyscc- 
tomized C 3 H mice. Each bar represents the mean of measurements made on 4 or 5 
animals. The vertical line above each bar indicates the positive portion of the standard 
error of the mean. 


unexpectedl 3 '- high value for S/P. The mean value was 20.5, more than 
twice the value obtained for similar mice not treated with AIjMI (Fig. 3). 
This raised the question whether MMI had some specific effect on the sub- 
maxillar 3 " iodide trap, and a separate experiment was performed to com¬ 
pare the effect of MMI with that of PTU on S/P and T/P ratios. Normal 
CsH mice of the same age and maintained on the same diet as those em- 
plo3'ed above were divided into four groups: controls, saline-injected, 
hliMI-injected and PTU-injected. MMI and PTU were given in approxi- 
matel 3 ' equimolar dosage, the former at 10 mg. per 100 gm. bod 3 ’ weigiit, 
the latter at 15 mg. per 100 gm. bod 3 ' weight. I'^^ containing 0.3 fig. of 
stable iodide was injected 30 minutes after the saline or antitlD'roid drug. 
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Tabli: 5. CoMi’AiusoN or rrrncT or MnTiivi.MriicAi'Toi.MiDAZoM: and I’lioi'VDTinoimAcii, 
ON S/P AND T/P UATIOS IN NOItMAI, CMl MH'i; 


1 

Trciitnu'Dl 

Nuniiier 
of niiee 
in proH]) 

Body 

weif'lit 

Sulim.'ix- 

illary 

weiniit 

'I'liyroid 

wei(;li( 

S/P 

T/J> 

None 

0 

21 .a ± ..')8 

(12+2.(1 

1 .27+ .10 

(1.2 + ..52 


Saline 

() 

21 .:5 ± .81 

.'•>8 ±1.0 

1.28+ .0(12 

(1.(1+.77 


M:\ir 

(> 

21.7± .71 

(11 + 1 .8 

I.81 + .11 

18.2 ±.(10 

31.5+40 

PTU 

<■' 

21 .7+ .71 

(i;{±2.(l 

1 .-ISi .18 

(1.8 ± .42 

288 ±85 


and the animals were sacrificed one hour laler. As sliown in Ta])le 5 , S/P 
ratios in AliNII-trealcd mice were aKain significantly greater than in con¬ 
trol mice, whereas injection of PTU, or of saline alone, had no effect. T/P 
ratios in the iSIAII-trcated mice, on flic other hand, were not significantly 
different from those of PTU-treatod mice. This observation suggests that 
AIMI has some specific effect on mouse submaxillary gland tissue not 
shared by PTU. Further expei'iments are necessary to establish the mech¬ 
anism of this effect. 

Effect of IIiipnphyHcetnmy nn Sithmayillary and Thyroid Weights —In 
mice deprived of their pituifaries, body, thyroid, and submaxillary weights 
were significantly reduced below control values (tables 2 and 3 ). Pelative 
weights (i.c., weights per 100 gm. body weight) of thyroid and submaxil¬ 
lary were calculated for C.dl mice in .several of the groups studied here, 
and the combined results are summarized in Table G. Although absolute 
thyroid weights declined significantly after hypophysectomy, it is evident 
from Table G that there was no significant change in the relative weight of 
the thyroid. However, it was found that, hypophysectomy resulted in a 
significant reduction in the relative weight of the .submaxillaiy gland. 
This reduction was not reversed by administration of TSPI either to nor¬ 
mal or to hypophysectomized mice. Thyroid weight, on the other hand, 
did increase significantly in both groups treated with TSH. 

Loss in relative weight of submaxillary tissue after hyiDophysectomy 
was previously noted in the mouse by Laca.ssagne and Chamorro ( 23 ), and 
in the rat by Gabe ( 24 ) and by Baker ct oL ( 25 , 2 G). In both .species the 
principal site of regression was the serous tubules. Plypophj'seal control 


Tabdi; f). ICrrr.cT or iiyi’oi’Iiy.siX’tomv .v.vd or TSII on thyroid and 
.S linM.WII.DAUY WHIGIITS or C3II MICH 


Treatment 

XTimlier 
of mice 
in group 

Body weight 

Submaxillary 

weight 

Thyroid weight 

Norm.al controls 

20 

19.7 + .56 

mg. per 100 gm. 
body wt. 

326 ±28 

mg. per 100 gm. 
body wt. 

6.3‘± .17 

IIvpX 

27 

15.7 + .51 

288 +22 

6 .5 ±.16 

Normal+TSI1 

10 

20.0+ .56 

852+37 

12.9 + .43 

IlypX+TSII 

19 

15.0± .56 

228+32 

10.6 ±.52 




